THE 
_ AMERICAN NATURALIST 


Vou. LXVI September—October, 1932 No. 706 


: CLONAL DIFFERENCES AND CLONAL CHANGES 
q IN THE APHID MACROSIPHUM 
SOLANIFOLIL 


PROFESSOR A. FRANKLIN SHULL 


UNIVERSITY OF MICHIGAN 


_ Dvurine the past few years five different partheno- 
_ genetic lines or clones of the aphid Macrosiphum solani- 
| folia(= gei) have been bred in our laboratory in a study 
‘of various phases of the life cycle. Certain rather strik- 
-ing differences among them, and several remarkable 
_changes in one of them, have been observed. These dif- 
ferences and changes throw some light on the contradic- 
tions and uncertainties which have characterized aphid 
experimentation, so that it seems desirable to put them 
- on record for that reason, if for no other. Furthermore, 
‘they may eventually help to arrive at a better explana- 
tion of the physiological modification of genetic response 
‘in these insects. 


THe Crones INVOLVED 


' The five clones studied are in this paper referred to 
-as A,B,C, D and E. A isa strain collected from a rose 
‘vine in Ann Arbor in April, 1923; it has been reared par- 
‘thenogenetically ever since (though producing many 
 gamic forms at intervals), has been the main source of 
€xperimental aphids for nine years, and is still in exis- 
" tetice in a thriving condition. In November, 1929, it 
changed considerably in several respects, as described in 
a Contribution from the Zodlogical Laboratory of the University of Michi- 
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the latter part of this paper; the modifications will be 
recognized by naming this clone A’ in all connections re- 
lating to these last two and one half years. Clone B was 
a green strain and clone C a pink strain, both collected 
near Woods Hole, Massachusetts, in July, 1928; both 
were brought to Ann Arbor where they were maintained 
for about two years, though the only experiments with C 
were conducted in Woods Hole in the summer of 1928, 
Clone D was a green strain and E was a pink one, both 
collected near Woods Hole in September, 1930; both were 
lost, the former after a little less, the latter after a little 
more, than a year in Ann Arbor. 

It should be understood that very few of the compari- 
sons to be made were the primary object of experiments. 
They are derived from numerous experiments aimed at 
other results. This accounts for the very unequal 
amounts of information available regarding the several 
clones, and for the fact that many of the contrasts are 
between the clones taken only two at a time. 


Cotor or FEMALES 


The existence of two varieties of this species in which 
the parthenogenetic females are respectively pink and 
green has long been known; clones A(A’), B and D were 
green, clones C and E pink, in this sense. C and E were 
probably not quite alike in color, though no objective 
tests were made. 

The principal other color difference was that B in- 
cluded both bright green and greenish yellow partheno- 
genetic females, with a number of intergradations be- 
tween them. This difference was not usually distinct in 
the nymphal stages, and often became more and more 
accentuated during adult life; but the color was never, 
so far as was observed, reversed during the adult stage. 
A young adult that was yellowish often became more 
distinctly yellow as it grew older, but did not become dis- 
tinctly green; and a young adult that was much brighter 
green than the average never became yellow later. 


CLONAL DIFFERENCES 387 


There appeared to be no genetic distinction between 
green and yellow females, for green females gave birth 
to both green and yellow daughters, and yellow females 
produced both green and yellow daughters, in about the 
same ratio. 

These green and yellow individuals of clone B differed 
from one another in the production of winged offspring 
in response to light and darkness. The green ones pro- 
duced more winged offspring than did the yellow ones, 
in both continuous light and in alternating light and 
darkness. The differences between the green and yellow 
females of clone B, both in their color and in wing-pro- 
duction in their offspring, have been described more fully 
in another paper (Shull, 1932), and the brief summary 
here given is designed merely to render complete in this 
article the account of the known contrasts among the 
five clones. 

A difference in the color of the gamic females was 
noted in two of the clones, but no objective measure of it 
obtained. The gamic females of clone A were typically 
wax yellow (Ridgway’s ‘‘Color Standards and Nomen- 
clature’’) when obtained under conditions favoring gamic 
females, namely, low temperature and alternating light 
and darkness. Clone B produced only a few gamic 
females, which was the chief reason why a match of their 
color was not made and recorded. That color was always 
a pale yellow, and from memory I would now assign it 
approximately to Ridgway’s massicot yellow, or perhaps 
colonial buff. Another clone, not one of the five chiefly 
referred to in this paper, which furnished the material 
for some of my earlier experiments, produced gamic 
females having a general green color suffused with spots 
of salmon-orange (Shull, 1925, p. 295). 


Cotor or Mars 


The color of the males in clone C was never studied. 
That of the males of clone B is indicated, by a number 
of references in my notes, to have been a rather bright 
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red, a statement abundantly confirmed by memory. One 
of these references is to the fact that males in the gen- 
eral stock could hardly have been overlooked because of 
their unusually bright red color. The males of clones A’, 
D and K, however, were subjected to a careful analysis. 
Etherized individuals were matched with Ridgway colors, 
which were then recorded by name. Many male aphids 
were of nearly the same general color all over the dorsal 
surface, and these were recorded simply as of that color. 
Others were mottled, most often possessing a stripe down 
the middle line, a pair of poorly defined spots at the sides 
of this stripe in the anterior region, and another pair of 
spots in the postero-lateral regions. These several 
colors were separately recorded, with an estimate of the 
proportionate area covered by them. Subsequently these 
named colors were analyzed with respect to each of the 
elements entering into the Ridgway scheme of produc- 
tion, namely, (1) the percentages of the several spectral 
colors, corresponding in a general way to the wave- 
length, (2) the percentages of white and black and (3) 
the percentages of neutral gray. The numerical or other 
symbolic designations were weighted according to the 
areas covered, and the whole group of data statistically 
studied. P 

The percentages of the six spectral colors of the color 
wheel are indicated by numbers from 1 to 71. The mean 
colors of the three clones were found to have the follow- 
ing numerical values: 


Clone A’ r 11.82 + .39 
Clone D . 16.20 + .91 
Clone E 9.91 + .14 


Kach of these means is almost certainly significantly dif- 
ferent from the others. Clone E, whose females were 
also pink, leaned most strongly to the red end of the 
spectrum; clone D was decidedly far toward the yellow. 
The standard deviations of these colors, and their coeffi- 
cients of variation, were also determined. Only the 
latter need be given, as follows: 
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Clone A’ siscoieets 64.33 2.35 
Clone D 72.30 + 3.98 
Clone E : 33.74 + 0.99 


The pink clone E had much more uniformly colored males 
than did either A’ or D. It is not quite certain that A’ 
and D differed significantly in the uniformity of male 
coloration, since their difference is less than twice its 
probable error. 

The tints and shades of the colors, or percentages of 
white and black on the color wheel, are represented by 
Ridgway by letters. By reversing the order of the letters 
in the tints, the percentages of white and black may be 
thrown into a single series extending from white to black. 
The letters g to a represent decreasing percentages of 
white, while h to » extend the series through increasing 
percentages of black. These letters can not be converted 
into actual percentages for statistical study, since the 
differences in the percentages represented by adjoining 
letters are not everywhere the same. It is proposed, there- 
fore, to regard the difference between adjoining letters 


as unity, regardless of the actual percentage differences 
of white or black represented by them. Also, numbers 
are temporarily substituted for the letters, with f=—1, 
d= 3, b=5, full color =7, 1=9, k=11, m=13. With 
these numerical values, the percentages of white and 
black in the males of the several clones are represented 
by the following means: 


Clone A’ §.51 + .13 
Clone D 5.45 + .27 
Clone E 4.49 + .06 


All these colors are tints; there are no shades. Clones A’ 
and D are practically identical, with a mean tint value 
about half way between a and b, indicating about 7 per 
cent. of white. .Clone E is significantly lighter than 
either A’ or D, since its mean tint is about half way be- 
tween b and c, representing about 12 per cent. of white. 
The cofficients of variation in percentages of white and 
black were as follows: 
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Clone A’ . 43.12 + 1.58 
Clone .. 64.66 + 3.56 
Clone E 29.95 + 0.88 


The pink strain (E) was the most uniform, clone D (a 
green-female strain) the most variable, with respect to 
the tint of the males. The differences in this regard 
were all plainly significant. 

The broken colors in the Ridgway scheme are indi- 
cated by series of primes, ’ to ”’”’, representing different 
percentages of neutral gray on the color wheel. In the 
ealeulations that follow, these primes are replaced by 
numbers 1 to 5. With this substitution, the amount of 
neutral gray in the mean colors of the males in the three 
strains becomes: 


Clone A’ 1.44 + .0 
Clone D 2.00 + .0 
Clone E = 0 


5 
7 


2 


Clone A’ exhibits the purest colors (about 43 per cent. 
of neutral gray), clone E the most broken (about 77 per 
cent. of neutral gray), the differences being almost cer- 
tainly significant. The coefficients of variation of the 
percentages of neutral gray are: 

Clone A’ 56.30 - 2.06 


Clone D 46.45 + 2.56 
Clone E 27.04 + 0.79 


The pink strain E is most uniform, clone A’ the most 
variable, though the difference between A’ and D may 
not be quite certainly significant. 

With the omission of the probable errors, these com- 
parisons are collected in Table 1. 

From this table can be read the following conclusions: 
(1) that, using the Ridgway names, the males of clone A’ 
varied around apricot buff as an approximate mean, 
those of clone D around cinnamon buff, and those of 
clone E around Japan rose; (2) that the males of the 
pink-female clone E were much more uniform in all re- 
spects than the males of either of the other clones; (3) 
that both of the green-female strains, A’ and D, varied 


| 390 


No. 706] CLONAL DIFFERENCES 391 


TABLE 1 
CoMPARISON OF THE COLORS OF THE MALES OF THREE CLONES WITH RESPECT 
To (1) THEIR WAVE-LENGTH, (2) AMOUNT OF WHITE AND (3) 
AMOUNT OF NEUTRAL GRAY, ACCORDING TO 
THE RipGwAy SCHEME 


Wave-length symbol Amount of white Amount of neutral gray 


Mean Coeff. var. Mean  Coeff.var. Mean Coeff. var. 


64.33 5.51 43.12 1.44 
5.45 64.66 2.00 46.45 
33.74 4.49 29.95 1.70 27.04 


greatly to left and to right (spectrum colors) in the 
Ridgway plates; (4) that males of clone D varied more 
than those of A’ in a vertical direction (amount of white) 
on the color plates; and (5) that males of clone A’ varied 
more than those of D in the amount of neutral gray. 


NuMBER oF MALES 


The only adequate test of the number of males pro- 
duced by different clones simultaneously was made dur- 
ing the period from October, 1930, to March, 1931. The 
clones being reared at that time were A’, D and KE, but 
these were repeatedly reared from wingless parents 
under the same conditions until large numbers of indi- 
viduals were obtained. The numbers of males from the 
several clones is shown in Table 2. 

The males are, under all conditions, distinctly more 
numerous in the pink-female strain E than in either of 
the green strains, and, under all conditions, slightly more 
humerous in strain A’ than in D. Incidentally, it appears 
in all clones that the light conditions do not influence 
male-production in any important way. 


NumBer oF Gamic FEMALES 


The most intensive comparison of clones with respect 
to numbers of gamic females was made by repeated ex- 
periments between October, 1930, and March, 1931. The 
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clones reared at that time were A’, D and E. They were 
bred under four conditions of light and darkness, but all 
at one temperature, namely, 18°-20°. Since in those 
experiments only wingless parents were being used, and 
since gamic females usually spring from winged parents, 
the results here given do not indicate the propensity of 
the several clones for producing gamic females, but only 
the tendency to produce gamic females from wingless 
parents. Significant clonal differences are, however, just 
as likely to be demonstrated in this way as if winged 
parents had been used. Table 3 gives the total numbers 
of parthenogenetic and gamic offspring simultaneously 
obtained from these three clones. 

Clones A’ and D exhibit the characteristic, long attrib- 
uted to this and many other species of aphids, of produc- 
ing almost no gamic females from wingless parents. The 
not infrequent gamic females produced by wingless 
mothers in the pink-female strain E is a striking excep- 
tion to what was believed to be the rule. 

Clone B was kept for about two years in a fairly ex- 
tensive stock in which, though observations were fre- 
quently made, gamic females were seldom found and 
then only in small numbers. Both winged and wingless 
females were present in numbers, so that, whichever type 
of parent produced gamic daughters in this strain, gamic 
females should have appeared if there was a tendency 
to produce them. This stock was reared in a laboratory 
which experienced the usual diurnal temperature changes, 
conditions under which clone A produced gamic females 
profusely at times. The few gamic females which were 
produced by clone B appeared in ‘‘epidemics,’’ but these 
were not nearly so marked as those of clone A and were 
separated by long intervals. Numerous experiments 
were performed with clone B, but almost never simul- 
taneously with clone A, so that no direct comparison can 
be made. The only experiment in which gamic female 
offspring were obtained was one in which the parents 
were wingless, which might suggest that clone B re- 
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sembled clone E (Table 3) in this respect. However, 
small numbers of males without any gamic females ap- 
peared in a number of other experiments in which the 
parents were wingless; from this it appears likely that 
the production of gamic daughters by wingless mothers 
in the one experiment was not the usual occurrence. 


Size or TrpraE oF Gamic FEMALES 


It was generally recognized, even with the use of a 
hand lens, that the hind tibiae of the gamic females were 
stouter and darker in clone A than in clone B. No ob- 
jective measurements of the color were made, but the 
sizes of the hind tibiae were measured in a small number 
of specimens with an ocular micrometer. In clone A the 
mean length was found to be 221 units of the ocular mi- 
crometer, the mean thickness at the widest point 9.5 units, 
or a thickness equal to 4.3 per cent. of the length. In 
clone B, the corresponding means were 280 and 8.0, or a 
thickness equal to 2.9 per cent. of the length. 

The difference in length was presumably part of a gen- 
eral size difference between the two clones. Casual obser- 
vation had indicated, before any measurements were 
made, that the females, both parthenogenetic and gamic, 
were larger in clone B than in clone A, but no measures 
of body size or of other parts were ever made. 

The difference in length, thickness and color of the 
hind tibiae, together with the differences in body color 
between these same two strains (referred to in an earlier 
section of this paper), constituted a rather easy and cer- 
tain means of recognition of the two clones. 


OrpDER OF OcCURRENCE OF MALES AND Gamic FEMALES 


It has been stated in an earlier section of this paper 
that gamic forms usually appear in ‘‘epidemics.’’ Sev- 
eral or many generations may pass with only partheno- 
genetic forms, and then gamic forms occur for several 
generations, sometimes profusely. In clone A it has been 
repeatedly observed that the gamic period has been in- 
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troduced by the appearance of males, the gamic females 
usually following soon thereafter. Since in this clone 
males are nearly always derived from wingless mothers, 
gamic females from winged mothers, such observations 
could be made only on general stocks where winged and 
wingless females were both present, or in experiments in 
which both types were being bred. Almost without ex- 
ception, in both of these situations, the males have 
appeared first. The slight qualification indicated by 
‘‘almost’’ in this statement is due to one or two occa- 
sions on which males and gamic females appeared prac- 
tically simultaneously. In no instance did the gamic 
females appear distinctly earlier than the males. So 
regularly were the males produced first in these epi- 
demics that, in the conduct of experiments with aphids 
intermediate between the parthenogenetic and gamic 
females, the occurrence of males was regarded as the 
signal to begin the treatment designed to produce the 
intermediate females. The gamic females seldom failed 
to appear later. 

Only one of the other clones (B) was bred in such a 
way as to reveal the order in which the two sexes ap- 
peared in the gamic phase. This was shown first in a 
general stock which was under surveillance, in the first 
autumn after its collection at Woods Hole. Gamic 
females appeared in this stock in moderate numbers 
without being preceded by males. It is unlikely that the 
males were overlooked, for, as stated above, the males 
of clone B were exceptionally brightly colored. The same 
priority of gamic females in clone B was again shown a 
short time later (October, 1928) in an experiment with 
wingless parents. Gamic daughters were produced in 
the early or middle portions of the reproductive period, 
and then late in life a few males appeared from the 
same groups of wingless parents. Since there were 14 
wingless parents, it is not proved that the same parents 
produced both gamic female and male offspring, but it is 
shown that the gamic females were produced before the 
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males. In the light of this experiment, it seems likely 
that the early gamic females in the general stock referred 
to above came from wingless mothers; but, as stated in 
an earlier section, this unusual event was not repeated 
in any later experiments with clone B. It is possible 
that prior production of gamic females in this strain was 
dependent upon some temporary reversal of the relation 
of gamic forms to wings (or their absence) in the parents, 
and was not an independent distinctive feature of clone B. 


Propvuction 1x Response to Licut anp DarKNEss 


The response of strain A to light and darkness, in the 
production of winged offspring, has been extensively 
studied, and fully described in earlier papers (Shull, 
1928, 1929). The features of that response in relation 
to which comparisons with other strains are now to be 
made were the following. Aphids of clone A reared in 
continuous light produced mostly wingless offspring; 
those reared in alternating light and darkness produced 
mostly winged offspring. This statement is true of both 
winged and wingless parents, but the number of winged 
offspring from winged parents was usually smaller than 
from wingless parents under any given condition of light 
and darkness. In order that light and darkness might 
be very effective in producing winged offspring, the dark 
period was necessarily at least 12 hours in duration. The 
length of the light period was less important, but a 6-hour 
light period was individually a little more effective than 
any other, either shorter or longer, and very short 
periods had much smaller effects. 

The comparisons between strains, relative to the above 
effects, are from two sources: (1) experiments in which 
two or more strains were reared simultaneously under 
the same conditions, (2) experiments in which a single 
strain was reared under what were believed to be the 
same conditions as those previously used for strain A. 
Experiments of the former type were the less frequent, 
because the investigation was not being aimed at such 
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comparisons, but they afford the most convincing evi- 
dence of a difference among strains. They are accord- 
ingly given first. 

Direct Comparison of Strains. In the earlier years 
covered by this article, comparisons among two or more 
of the strains A, B and C were made twice. With all 
details omitted, and only the totals given, the results of 
these comparisons are shown in Table 4. 


TABLE 4 


COMPARISON OF THE RESPONSES OF WINGLESS APHIDS OF THREE CLONES TO 
CONDITIONS OF LIGHT IN THE PRODUCTION OF WINGED OFFSPRING 


16 hours darkness 


Continuous light 8 hours light 


Dates Clone 
Wing- Percent. Wing- Per cent. 
less Winged winged less Winged winged 


505 8 103 265 
490 63.8 1070 172 
312 61.1 505 112 


Aug.—Oct., 
1928 


Dec., 1928 5.7 54 150 
-Mar., 1929 56.8 166 37 


It is shown in this table that clone A behaved as in the 
previously described work; that is, in continuous light 
it produced nearly all wingless offspring, while in alter- 
nating light and darkness a very considerable majority 
of the offspring were winged. Clones B and C, however, 
show a striking reversal of this relation, in that there 
were many more winged offspring in continuous light 
than in alternating light and darkness. 

In the experiments of 1930 and 1931, the comparisons 
available are among clones A’, D and EK. Here the num- 
bers of individuals involved are large, coming from often 
repeated tests made largely for the purpose of ascertain- 
‘ing the differences among clones. The results of these 
tests, using alternating light and darkness of three dif- 
ferent periods, are given in Table 5. 

It is shown in this table (1) that under all conditions 
of light clone E produced fewer winged offspring than 


A 72.0 
C 18.2 
73.5 
18.2 


398 THE AMERICAN NATURALIST [Vou. LXVI 


TABLE 5 


COMPARISON OF THE RESPONSES OF WINGLESS APHIDS OF THREE CLONES T0 
DIFFERENT CONDITIONS OF LIGHT, IN THE PRODUCTION OF WINGED OFr- 
SPRING, OVER A PERIOD FROM OCTOBER, 1930, TO MarcH, 1931 


Offspring 


Hours of Hours of = 
Clone light darkness Per cent. 


Wingless Winged winged 


2395 1869 43.8 
1502 1819 54.7 
2063 1967 47.7 
1287 1734 56.6 


2050 1437 41.2 

999 1993 66.6 
1780 2057 53.1 
1153 1702 59.4 


2103 363 14.7 
1364 419 23.4 
16 1704 524 23.4 
20 1221 374 23.4 


either A’ or D; (2) that each clone produced more 
winged offspring in alternating light and darkness than 
in continuous light, thus agreeing with clone A (though 
with much less marked differences) and disagreeing with 
clones B and C; and (3) that the duration of the periods 
of light and darkness made little difference in the number 
of winged offspring, quite in contrast with former re- 
sults from clone A in which the dark periods must be at 
least 12 hours long to produce much effect. 

Tests at Different Times but under Similar Condi- 
tions. The remaining comparison is that of clones B and 
A, derived from a series of experiments in which clone 
B was subjected to certain of the tests that had pre- 
viously yielded striking results in clone A. It was im- 
possible to carry on experiments as extensive as these 
on both clones simultaneously, so that direct comparison 
of the two clones can not be made. However, the condi- 
tions were kept as uniform and as nearly like those ap- 
plied to clone A as possible. It is believed that the evi- 


A’ 24 0 
| 20 4 
8 16 
4 20 
D 24 0 
20 4 7 
8 16 
4 20 
E 24 
20 
8 
4 
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dence of a difference between the two clones thus obtained 
is valid. 

One of the experiments on clone B was alternation of 
6 hours of light with various periods of darkness. Clone 
A, under these conditions, had produced relatively few 
winged offspring when the dark periods were short, but 
as the duration of darkness approached 12 hours there 
was a very great increase in the proportion of winged 
individuals; and as the periods of darkness increased 
beyond 14 hours there was a gradual decrease in the 
number of winged offspring (Shull, 1929). The response 
of clone B to the same alternations of light and darkness 
is shown in Table 6. The females of this clone were of 
two different colors, green and yellowish, as described in 
another paper (Shull, 1932). These two types were sep- 
arately tested in the experiments and their offspring are 
separately recorded in the table. Unfortunately the 
yellows can not be compared with the greens, because 


TABLE 6 
THE RESPONSE OF GREEN AND YELLOWISH FEMALES OF CLONE B TO 6-HOUR 
Periops or LIGHT ALTERNATING WITH VARIOUS PERIODS OF 
DARKNESS, IN THE PRODUCTION OF WINGED OFFSPRING 


Offspring 


— a a Of green parents Of yellowish parents 


light darkness 


Wingless Winged Per cent. 


2 Per cent. 
winged 


Wingless Winge winged 


95 57. 58 94 61.8 
14 2 9. 68 12 15.0 
47 8. 10 17.9 
57 i. 32.1 
34 5. 37.2 
47.9 52.1 
48 61.6 7.8 
62 67.0 34.9 
56.1 1.3 
25.9 ‘ 14.3 
64.2 2 32.6 
57.9 9.0 


bo 


57.4 28.6 


2 
4 
6 
8 
10 

11 1 
12 
13 
14 

16 1 
18 
20 

0 83 112 
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they were reared at different times, with lights of differ- 
ent intensities, and at somewhat different temperatures. 
The comparisons to be made are merely those among 
different periods of light and darkness as scant to the 
same kind of parents. 

It is difficult to interpret the results in Table 6, owing 
to their irregularity. The winged offspring are not more 
numerous in continuous light (last line of table) than in 
alternating light and darkness, which is in disagreement 
with the results on the same clone (B) in Table 4, though 
it should be pointed out that the precise periods of light 
and darkness (8 hr.—16 hr.) used in Table 4 are not du- 
plicated here. It is possible that the contradictory re- 
sults in Tables 4 and 6 represent a real change in clone 
B, and that they should be included among the clonal 
changes in a later part of this paper. 

Some of the irregularity of the percentages may be 
due to the rather small numbers of offspring obtained, 
and combining the data into larger groups might show a 
significant difference. Previous work on clone A sug- 
gests one way in which the data might be combined. In 
clone A, dark periods of less than 12 hours (alternated 
with 6 hours of light) yielded rather few winged off- 
spring, while dark periods of 12 or more hours yielded 
many winged offspring. If the periods in Table 6 be 
grouped thus, the green parents are found to yield 68.2 
per cent. of winged offspring for the shorter dark 
periods, and only 56.4 per cent. for the longer periods; 
while the yellowish parents yield 36.0 per cent. for the 
short periods and 16.7 per cent. for the long periods. 
From both kinds of parents, fewer winged offspring were 
produced with long dark periods than with short ones, 
which is just the reverse of the response formerly given 
by strain A. 

A second test of clone B involved different durations 
of the period of light. Notwithstanding the discovery 
(in Table 6) that 12 hours of darkness was not of special 
significance for clone B, the experiment, first performed 
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on clone A, of alternating 12 hours of darkness with 
various periods of light was tried on clone B with the 
hope of finding a definite difference in the response. 
Only the yellowish type of parent was used in this test, 
the results of which are given in Table 7. 


TABLE 7 
THE RESPONSE OF YELLOWISH FEMALES OF CLONE B TO ALTERNATION OF 12 
Hours OF DARKNESS WITH VARIOUS PERIODS OF LIGHT, IN 
THE PRODUCTION OF WINGED OFFSPRING 


Hoursof Hours of Offspring 
light darkness 


Wingless Winged Per cent. winged 


59.8 
50.0 


41.5 


48.6 
33.6 
29.4 
53.1 
26.9 


38.6 
70.0 
63.7 
57.3 


84.5 


The proportions of winged offspring in this table are 
very irregular. Though this may be in part due to the 
small numbers of individuals reared, the difference be- 
tween clones B and A can not thus be explained, since 
families no larger than these in the former work with 
clone A showed very distinct differences between the 
very short and very long light periods, on the one hand, 
and the intermediate light periods on the other. If the 
intermediate periods (say, 4 to 12 hours of light) in 
Table 7 be combined, and-contrasted with the shorter 
(1- to 38-hour) and longer (16- to 28-hour) periods, the 
intermediate periods yield fewer winged offspring (38.0 
per cent.) than either the short (50.7 per cent.) or the 
long periods (59.5 per cent.). 


1 12 86 128 

2 12 93 93 | 50.7 
3 12 117 83 = 

4 12 95 90 

6 12 150 76 

8 12 101 42 38.0 
10 12 92 104 

12 12 177 65 
16 12 105 66 

20 12 80 187 50.5 
24 12 106 186 wes 
28 12 82 110 

24 0 35 191 
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Continuous light in Table 7 yields more winged off- 
spring than any alternations of light and darkness, which 
is in agreement with clone B of Table 4. In Table 6, it 
will be recalled, clone B did not show any very signifi- 
eantly different response to continuous light as con- 
trasted with the various alternations. 

The third test applied to clone B, in comparing it with 
former work on clone A, was to rear it in alternating light 
and darkness in the ratio of 1 to 2, but with various actual 
durations. Clone A, under these circumstances, had pro- 
duced many winged offspring when the dark periods 
were 12 to 20 hours long, fewer for the longer periods 
and very few for dark periods less than 11 hours (Shull, 
1929). Clone B was bred from yellowish parents, with 
the results given in Table 8. 


TABLE 8 
COMPARISON OF THE RESPONSE OF YELLOWISH FEMALES OF CLONE B 10 
LIGHT AND DARKNESS IN THE RATIO OF 1: 2, IN THE 
PRODUCTION OF WINGED OFFSPRING 


Offspring 


Wingless Winged Per cent. winged 


Hours of Hours of 
light darkness 


244 95.3 
215 77.6 
191 76.4 
188 81.7 
53.3 

2.5 


21.2 


NA oP DOH 


wo So 0 


24 


Despite the irregularities in the percentages in this 
table, the proportions of winged offspring are plainly 
greater for the short periods than for the long ones. 
Since in Table 7 it appeared that the duration of the 


2 12 
4 62 
6 59 
8 42 
10 122 
12 233 

14 178 48 _ 

16 166 29 14.9 

18 163 28 14.7 

20 142 7 4.7 

136 5 3.5 

32 175 48 21.5 

= 0 40 82 67.2 
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light was of minor significance, it seems probable that it 
is the duration of darkness which is of most importance 
in determining wing-production. If this conclusion is 
correct, it is the shorter dark periods, those less than 12 
hours, which are most effective. Clone B is here sharply 
contrasted with clone A in which the dark periods of 12 
to 16 hours’ duration produced the most winged off- 
spring. 

Summary of Wing Production. The salient features 
of the several clones with respect to wing production 
may be summarized in the following statements. 

Clones B and C produced more winged offspring in 
continuous light than in alternating light (8 hours) and 
darkness (16 hours). In one test with clone B in which 
the alternating periods of light and darkness were other 
than 8 and 16 hours, respectively, there was no impor- 
tant difference between the response to continuous light 
and that in the alternations. These two results are prob- 
ably contradictory, notwithstanding the difference be- 
tween the actual duration of the periods. Clones A’, D 
and E produced somewhat more, and clone A produced 
many more, winged offspring in alternating light and 
darkness than in continuous light. 

When various dark periods were alternated with 6 
hours of light, clone B produced more winged offspring 
for dark periods of less than 12 hours than for dark 
periods of more than 12 hours. This is the reverse of 
former results from clone A, which produced many more 
winged offspring for dark periods over 12 hours long 
than for dark periods less than 12 hours. 

When various light periods were alternated with 12 
hours’ of darkness, clone B yielded on the whole fewer 
winged offspring for the intermediate light periods (4 to 
12 hours) than for either shorter or longer light periods. 
This is the reverse of former results with clone A, which 
yielded the maximum number of winged offspring at 
about 6 hours of light, fewer for both shorter and longer 
light periods. 
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When light and darkness were alternated in the ratio 
of 1:2, clone B produced more winged offspring for the 
short periods (up to 5 and 10 hours, respectively) than 
for the long periods. This is the reverse of former re- 
sults on clone A. . 

Clone E. produced fewer winged offspring under all 
conditions than did clones A’ and D. 


ProGeny oF WINGED vs. WINGLESS PARENTS 


In three of the clones used in this work, winged and 
wingless parents were reared simultaneously on several 
oceasions. The first comparison was made with clones 
B and ©. Parents of both types were reared in con- 
tinuous light and in alternating light (8 hours) and dark- 
ness (16 hours). The results are shown in Table 9. 


TABLE 9 
COMPARISON OF THE PROGENY OF WINGED AND WINGLESS PARENTS OF CLONES 
B AnD C, IN RESPONSE TO CONTINUOUS LIGHT AND 
ALTERNATING LIGHT AND DARKNESS 


16 hours darkness 
8 hours light 


Continuous light 
Type of 
parent 


Clone 
Per cent. 


d Per cent. 
winged 


Wingless Winge winged 


Wingless Winged 


Wingless 490 952 63.8 1070 172 13.8 
Winged 45 121 72.9 155 66 29.9 


Wingless 312 491 61.1 505 18.2 
Winged 23 136 85.5 90 59 39.6 


In both of these clones, more winged offspring were 
produced by winged parents than by wingless ones, both 
in continuous light and in alternating light and darkness. 
This is the reverse of the earlier results with clone A. 

The next test of winged and wingless parents was in 
clone EK. The two kinds were reared in continuous light 
and in three different alternations of light and darkness. 
Their progeny are shown in Table 10. 

In clone E, more winged offspring were produced by 
wingless parents than by winged parents, under all 
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TABLE 10 
COMPARISON OF THE OFFSPRING OF WINGED AND WINGLESS PARENTS OF 
CLONE E IN RESPONSE TO SEVERAL CONDITIONS OF 
LIGHT AND DARKNESS 


Offspring 


Hours Hours 
of of 
light darkness 


Of wingless parents Of winged parents 


Wingless Winged Winged Wingless Winged Winged 


14.6 308 0.0 

+ 32.5 311 j 12.9 
16 6.2 305 5.9 
20 19.9 213 3.2 


conditions of light and darkness. This is in agreement 
with clone A, but contrary to the results with B and C 
(Table 9). 


THe FREQUENCY OF WINGED-WINGLESS INTERMEDIATES 


It was at once obvious that two of the clones differed 
in the frequency with which individuals having partially 
developed wings were produced. In one clone such in- 
termediate individuals were very rare, in another rather 
common. So definite was the difference between them 
that, had the clones become accidentally mixed, the pro- 
duction of intermediates would, even in the absence of 
any other distinctions, have been relied on to effect a sep- 
aration of them. Subsequent clones were found to range 
between these two in the frequency of their inter- 
mediates. 

Comparison may first be made among all the clones 
used, by combining all the results of breeding under all 
sorts of conditions. The comparisons are not direct, for 
in most cases the clones were not simultaneously reared, 
but usually an attempt was made to keep the conditions 
constant, except as to light. In each clone, various 
periods of alternating light and darkness were used in 
different experiments, wingless parents were used in 
some and winged parents in other experiments, and the 


3 
24 _ 
20 
8 
+ 
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temperature necessarily varied in different experiments. 
Nevertheless, the same types of experiments were per- 
formed in all the clones, in roughly the same proportions, 
so that clonal differences should still be conclusively 
shown in the total results. To separate out the experi- 
ments of each type would so reduce the numbers of indi- 
viduals that the comparisons could easily be made less, 
rather than more, secure. Table 11 gives representative 
data, though by no means all that might have been in- 
cluded in clone A. 
TABLE 11 


COMPARISON OF THE NUMBERS OF INTERMEDIATE-WINGED FEMALES PRODUCED 
BY SEVERAL APHID CLONES. THE DATA ARE FROM VARIOUS KINDS -OF 
EXPERIMENTS, MOST OF THEM NOT SIMULTANEOUSLY PERFORMED 


Per cent. 


Clone Wingless Winged Intermediate ‘diiinaiishe 


8592 7548 .018 
9104 9518 905 
10561 9232 1.786 
1119 2246 .059 
5982 7189 363 
8542 1925 381 


In view of the large numbers involved, the differences 
shown are certainly significant, since the clone with the 
greatest frequency of intermediates (B) produced 100 
times as many, and several other clones produced 20 to 
50 times as many, as the clone with the fewest inter- 
mediates (A). 

From the data included in Table 11, a smaller number 
of individuals belonging to three of the clones may be 
used to make a direct comparison. These three clones 
were reared simultaneously, in four sets of controlled 
conditions of light, and at rather constant temperatures 
of 18°-20° -C. These strictly comparable groups are 
segregated in Table 12. 

Each clone produced more intermediates in alternat- 
ing light and darkness than in continuous light; also, each 
produced more intermediates in the 8-16 hour alterna- 


A 
A’ 
B 
D 
E 
| 
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TABLE 12 
CoMPARISON OF THREE CLONES WITH RESPECT TO THE NUMBER OF INTER- 
MEDIATE-WINGED FEMALES PRODUCED. THEY WERE REARED SIMUL- 
TANEOUSLY AT TEMPERATURES OF 18°-20° C., AND IN THE 
CONDITIONS OF LIGHT AND DARKNESS INDICATED 


Hours Hours 
of of Clone Wingless Winged Intermediate 
light darkness 


Per cent. 
intermediate 


1287 7 1.34 
20 1153 17 35 
1221 5 


2063 
1780 
1704 


1502 
999 
1364 


so sn 


2395 
2050 
2103 


tion than in any other periods. Clone A’, however, 
showed very striking differences in its responses to the 
light conditions, clone D moderate differences, clone E 
only small differences. 

Incidentally, it may be pointed out that in each clone 
the intermediates are least frequent in those conditions 
in which winged individuals are least frequent (continu- 
ous light), but that in general the intermediates are not 
most frequent in the conditions in which wings are most 
abundant. Clone E is somewhat exceptional in this 
regard, since the small fluctuation of its numbers of in- 
termediates takes place along with almost exact uni- 
formity of the number of winged individuals in the vari- 
ous periods of alternating light and darkness. 


Ann ArBor anp Woops Hote 


It has not been feasible to breed Woods Hole strains 
in Ann Arbor, nor the Ann Arbor strain in Woods Hole, 


A’ 1967 93 2.26 

8 16 D 2057 34 .88 
E 524 14 ; 62 

A’ 1819 2 

20 4 D 1993 07 
E 419 .39 

A’ 1869 .09 

24 0 D 1437 .06 
E 363 .36 
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over long periods of time. Clone A, which was collected 
in Ann Arbor, was taken to Woods Hole in the summers 
of 1928 and 1929, but did not thrive. Experiments with 
it there yielded less than one fourth of the number of 
offspring obtained in Ann Arbor. Fewer offspring were 
produced, and many died. Dead bodies were often found 
overgrown with a fungus, but it is doubtful whether this 
was the chief cause of mortality. More than once it 
seemed likely that strain A would be lost there. In Ann 
Arbor this clone has been rather uniformly vigorous, the 
exceptions being readily traceable to unhealthy plants. 

Clone B, which was collected in Woods Hole, throve 
exceedingly well there, and succeeded rather well in Ann 
Arbor for a year. During that year, however, it was 
subject to several attacks of some disease, presumably, 
which greatly reduced its numbers. Several experiments 
were lost because of these attacks. During its second 
year in Ann Arbor clone B suffered these attacks re- 
peatedly. Almost no experimental results were obtained 
from it during that year, because experiments started 
during a period of apparent vigor were lost in the next 
depression, which was never long delayed. The clone 
was finally completely lost after about two years in Ann 
Arbor, despite every effort to maintain it. 

Clone C succeeded a little better than clone B in Ann 
Arbor, but was likewise lost in an unhealthy period in the 
summer about two years after its importation. Clones 
D and E were used for experiments for about a year 
after being brought to Ann Arbor, but were lost in the 
summer at the end of that year. 

Each of these strains was healthy and vigorous at 
home, but was maintained with difficulty when trans- 
ported to another region. The reason is presumably cli- 
matic, but nothing is known concerning it. Woods Hole 
conditions were much more detrimental to the Ann Arbor 
strain than were the Ann Arbor conditions to the Woods 
Hole clones. 
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Srrikinc CHance oF ONE CLONE 

The Ann Arbor strain (A) underwent several remark- 
able changes in its behavior, chiefly with respect to wing- 
production in response to light and with respect to pro- 
duction of gamic daughters by winged females, after it 
had been reared in the laboratory for more than six 
years. These changes were concentrated in the fall of 
1929, but one less striking change has probably occurred 
since then, and it is entirely possible that others have 
taken place without being discovered.. 

Production of Gamic Females. The sudden change in 
1929 is best approached from the standpoint of the pro- 
duction of gamic daughters by winged mothers. Though 
clone A was brought into the laboratory in 1923, no 
winged individuals were used as parents in experiments 
during the first four years. Whether any winged parents 
produced only parthenogenetic daughters during that 
time is uncertain, though it would seem likely that they 
must have done so, since certain general stocks were not 
observed to include gamic females during the summers, 
and since in other strains previously used winged females 
had produced only parthenogenetic offspring at least dur- 
ing their first summer. When, however, winged females 
of clone A began to be used for breeding in 1927, they 
produced some gamic daughters in every such experi- 
ment, even in the summer. All families reared from 
winged females in 1928 and 1929 likewise included some 
gamic females, even in summer. In the summer and fall 
of the latter year attempts were made to induce winged 
mothers to produce only parthenogenetic offspring by 
rearing them at high temperature, which had been shown 
to favor parthenogenetic offspring (Shull, 1930a), in 
order to settle a certain question regarding the nature 
of gamic-parthenogenetice intermediates (Shull, 1930b). 
These attempts all failed, for all the groups of winged 
parents thus treated yielded some gamic daughters. It 
was thought at first that failure of high temperature to 
produce the expected wholly parthenogenetic families 
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might be due to the fact that the high temperature was 
applied only during the lifetime of the winged females, 
beginning soon after their birth. Consequently, a stock 
was reared at high temperature, so that the influence 
would continue generation after generation. During the 
early generations of this stock the temperature was kept 
at 24°, since earlier work (Shull, 1929) had indicated that 
no winged offspring would be produced at higher tem- 
peratures, and without winged females the purpose of 
the experiments would be defeated. When 24° was shown 
not to induce exclusively parthenogenetic offspring from 
winged mothers, the temperature was raised to 26° and 
then to 28°. Some winged females were still produced 
at these temperatures, and these females still produced 
some gamic daughters. Finally 30° was used, which in 
earlier tests had been shown to be nearly fatal when long 
continued; the aphids now endured this temperature, 
though producing only small families, and a few of their 
offspring were winged, and these winged females all pro- 
duced some gamic as well as parthenogenetic daughters. 
The attempt to secure families consisting exclusively of 
parthenogenetic daughters from winged mothers had 
failed, and with it the attempt to determine the nature 
of the gamic-parthenogenetic intermediates likewise 
failed (Shull, 1930b, pp. 106-107). 

The above narrative is designed to show, in the ab- 
sence of direct experimental test, that clone A was ex- 
periencing a progressive change; that, probably over a 
period of years, its winged females were tending increas- 
ingly to the production of gamic daughters, even not- 
withstanding the deterrent influence of high tempera- 
ture; and that, though this is of minor importance, 
winged females were being produced at high tempera- 
tures which formerly had entirely excluded them. 

The offspring of the last winged females reared at 30° 
were placed at room temperature, as has regularly been 
done in these aphid experiments, to come to maturity. 
They were not examined until all were adult, and some 
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of their offspring were nearly half grown. It was then 
found that these latter offspring, instead of being green, 
were all of a straw-yellow color; and that, although their 
parents had been reared in continuous light which should 
(Shull, 1928) have made the offspring wingless, nearly 
all these yellow offspring were winged. 

If something had happened which greatly increased 
the tendency to produce winged individuals, it was ar- 
gued, it might now be an opportune time to start the old 
experiments anew, with a profusion of winged females at 
high temperature in order to get families that consisted 
only of parthenogenetic daughters. It was quickly 
found, however, that the high temperature was unneces- 
sary. The daughters of these winged parents were all 
parthenogenetic without high temperature. This ap- 
peared to be the situation which was so long sought, in 
which the families of winged parents started as partheno- 
genetic. Attempts were promptly made to convert these 
families into gamic by rearing the winged mothers at 
low temperature, with the expectation that the desired 
intermediates between parthenogenetic and gamic would 
appear during the period of conversion. However, there 
was no conversion, for all the offspring were partheno- 
genetic. Alternation of light and darkness, which had 
been shown to favor gamic daughters, was added to the 
low temperature, but still no gamic daughters were ob- 
tained. Even when several successive generations of 
winged females were reared at low temperature and in 
alternating light and darkness, gamic offspring were not 
produced. 

The transformation described in the second preceding 
paragraph occurred early in November, 1929. In two 
generations the winged members of clone A had changed 
from a condition in which they persisted in the produc- 
tion of some gamic offspring notwithstanding high tem- 
perature, to a condition in which they could not be in- 
duced to produce gamic daughters even at low tempera- 
ture and alternating light and darkness. It was not until 
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December, 1930, thirteen months after this change, that 
gamic daughters were again obtained, even though low 
temperature and alternating light and darkness were 
repeatedly employed during that time. 

The yellow color which appeared in all the offspring 
in November, 1929, gradually disappeared over five or 
six generations. Since March, 1930, the normal green 
color has prevailed, though frequently healthy yellowish 
individuals have been produced, much as in clone B, as 
described in this paper and in an earlier article (Shull, 
1932). 

Wing Production in Response to Light and Darkness. 
The description of the response of clone A to light and 
darkness contained in my former papers (Shull, 1928, 
1929) was based largely on experiments performed in 
1927 and 1928. Somewhat the same behavior is known 
to have been exhibited earlier, though the experiments 
were then crude and the contrasts less sharply defined. 
That behavior, in the respects now to be used for com- 
parison, was as follows. In continuous light, the off- 
spring of wingless mothers were mostly wingless. In 
alternating light and darkness, the offspring were mostly 
winged if the dark periods were 12 to 18 hours long and 
the light periods 4 to 12 hours. Other periods of light 
and darkness showed various smaller effects, some of 
them practically no wing-production. The last adequate 
test of this behavior, before the reorganization in No- 
vember, 1929, was made in November and December, 
1928. Wing production at that time occurred essentially 
as described above. 

Compare with this the behavior of clone A’ (the con- 
tinuation of clone A after November, 1929) as shown in 
Table 12. The data concerning clone A’ in that table, 
with the omission of intermediates, are repeated in 
Table 13. 

Although clone A’, in this table, is shown to produce 
fewer winged offspring in continuous light than in any 
alternating periods of light and darkness, the difference 
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TABLE 13 
SHOWING THE RESPONSE OF WINGLESS FEMALES OF CLONE A’ TO LIGHT AND 
DARKNESS IN THE PRODUCTION OF WINGED OFFSPRING, 
FROM OCTOBER, 1930, TO MArcH, 1931 


Hours of Hours of Offspring 


light darkness 


Wingless Winged 


4 20 1287 1734 57.4 
8 16 2063 1967 48.8 
20 4 1502 1819 54.8 
24 0 2395 1869 43.8 


isnot great. Clone A, in the former experiments, showed 
very few winged offspring in the last two lines of such a 
table, and fewer in the first line than in the second (cf. 
Shull, 1929, pp. 827-828). Compared with the earlier 
work on clone A, those of the winter of 1930-31 (clone 
A’) are indefinite. 

What may be a further change in this clone is revealed 
by the experiments of the fall and winter of 1931-1932. 
From among more complete experiments, those portions 
which relate to wingless parents, and to the contrast of 
continuous light with alternating light and darkness, 
are selected for presentation here, because it is only these 
parts that afford any comparison with earlier results. 
These experiments, which were of several kinds, are col- 
lected into one group with reference solely to the differ- 
ence in conditions of light, and their results given in 
Table 14. 

In this table it is shown that fewer, instead of more, 
winged offspring were produced in alternating light and 


TABLE 14 
SHOWING THE RESPONSE OF WINGLESS FEMALES OF CLONE A’ To LIGHT AND 
DARKNESS IN THE PRODUCTION OF WINGED OFFSPRING, 
FROM SEPTEMBER, 1931, TO JANUARY, 1932 


Continuous light 8 hours light—16 hours darkness 


: Per cent. Per cent. 
Wingless Winged winged Wingless Winged winged 


3531 4417 55.6 3969 2027 33.8 


cent. winged 
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darkness than in continuous light, which is a reversal of 
the behavior prior to 1929. One feature of these most 
recent experiments which may render them invalid for 
the comparison just made is that the parents used were 
taken from stocks that had been kept at constant tem- 
peratures for more than a year, whereas the parents 
used in experiments prior to May, 1931, were usually 
kept at room temperatures from the first to the fourth 
instars (sometimes to early adult life). The two con- 
stant temperature stocks were kept at 24° and 14°, re- 
spectively. Parents from these two stocks did not differ 
greatly from each other, but both may have differed 
from parents kept at room temperature during their 
immature stages. There has been so far no opportunity 
of testing the possible effect of previous temperatures 
on subsequent offspring. Until such a test can be made 
it must remain an open question whether the lower per- 
centage of winged offspring in the right half of Table 14 
represents a reversal of earlier behavior of the same 
clone, or a response to a different set of conditions. 

Frequency of Intermediate-Winged Individuals. Ref- 
erence to the first two lines of Table 11 indicates that 
the Ann Arbor strain of aphids changed considerably in 
its tendency to produce partially winged females. Such 
intermediates were a rarity prior to 1929 (clone A) ; since 
that year fifty times as many intermediates have been 
produced (A’). The conditions under which A’ produced 
these intermediates most freely have been partially 
analyzed in Table 12, where it is shown that alternating 
light (8 hours) and darkness (16 hours) favor their pro- 
duction. It is not feasible to analyze clone A in the same 
way because of the small number of intermediates ob- 
tained; but since alternation of light and darkness was 
very common in clone A, intermediates should have been 
produced by it if it possessed the property of doing so. 
This change, from rare to rather frequent production of 
intermediates, is one of the most striking observed in 
this clone. 
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Was THERE INADVERTENT EXCHANGE OF CLONES? 


It will be observed that clone A’ exhibits some of the 
characteristics of clone B. Clone B produced more 
winged offspring in continuous light than in alternating 
light and darkness; if the results in Table 14 are not due 
to antecedent temperature, clone A’ eventually came to 
respond in the same way. Clone B produced many yel- 
lowish females, so also does clone A’. Clone B produced 
many intermediate-winged females, so does clone A’. 

It may occur to some that what happened in November, 
1929, was not a change of clone A, but an inadvertent 
exchange of clones A and B. These two strains were in 
the laboratory at the same time, and such an exchange 
would have been physically possible. I believe, how- 
ever, that the qualities of the strains themselves com- 
pletely exclude the possibility of such an event, for, while 
clone A did change so as to resemble clone B in the 
several features named above, it retained its old char- 
acteristics otherwise. 

In the first place, clone B, by the fall of 1929, had al- 
ready suffered several epidemics of disease, while clone 
A had been uniformly healthy in Ann Arbor. , After that 
there was still one strain subject to repeated epidemics, 
and one healthy strain. It seems scarcely likely that the 
diseased strain became healthy and the healthy strain 
diseased simultaneously in November, 1929. Further- 
more, the response of the altered clone A (A’) to light 
and darkness in wing-production had not been com- 
pletely reversed, but only rendered confused, by the win- 
ter of 1930-31, six months after the death of the clone 
designated B. Also, while clone B produced more 
winged offspring from winged parents than from wing- 
less ones, clone A’, as shown by recent comparisons not 
included in this paper, is still producing generally fewer 
winged offspring from winged parents than from wing- 
less. And lastly, the hind tibiae of the gamic females 
of clone A are still of the thickness and depth of brown 
color that characterized the old clone A. If, then, there 
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was an exchange of clones A and B in November, 1929, 
clone B changed then, or subsequently, in these four re- 
spects. 

These facts, taken in connection with the yellow color 
and profuse wing-production observed at the time of the 
change, features that did not characterize either clone 
A or clone B, must be taken to mean that the two clones 
were not interchanged. Clone A must therefore have 
become modified in the several ways described in this 
paper. 

Discussion 

Nothing has been more characteristic of the investiga- 
tion of life cycles of aphids than the general disagree- 
ment in the results obtained by different workers, even 
when using the same species and apparently the same 
environmental conditions. Varietal differences were of 
course to be expected on genetic grounds. It may well 
oceasion considerable surprise, however, to find the dif- 
ferences as great as those described in this paper, even 
to the extent of complete reversal of some modes of reac- 
tion. In view of the differences here shown, it is not 
necessary to regard the early investigations as in any 
degree carelessly done or inaccurately described. 
While the lack of uniformity in the results obtained 
causes only confusion for the present and is to this ex- 
tent regrettable, it is not improbable that, eventually, a 
better understanding of the physiology of genetic re- 
sponse in aphids will be attained because of these very 
discrepancies; for in the exceptions to a general rule is 
most often found the elucidation of the rule itself. 

There may be an evolutionary significance of the re- 
sults here described. The vigor of the several strains in 
their home locality, compared with their susceptibilities 
in other regions, suggests that in competition under 
natural conditions certain strains would be _ very 
promptly eliminated. Assuming a region in which gamic 
reproduction occurs periodically, one would expect stem 
mothers to give rise repeatedly to strains incapable of 
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enduring the prevailing conditions, as well as to strains 
more or less well fitted to those conditions. In regions 
where the winters are warm enough that partheno- 
genetic females may live over, which occurs in this species 
even as far north as Virginia (where gamic forms 
have not been found), changes of the sort that occurred 
in clone A in November, 1929, may be of significance. The 
change in clone A can not be regarded as a mutation in 
the ordinary sense because it presumably occurred in 
hundreds of individuals simultaneously. The changes 
produced were mostly physiological, though two of them 
resulted in visible differences, the production of yellow 
females and of intermediate-winged females. Whether 
these changes have a genetic foundation probably can 
not be tested in the usual way because of the extremely 
poor hatching quality of the fertilized eggs. From what 
is known regarding them, the modifications are probably 
to be regarded as physiological and entirely apart from 
the genetic mechanism as ordinarily conceived. The 
physiological changes are very interesting, however, 
from the fact that they persist over many generations 
with almost as great precision as mutations. Their 
mechanism can only be conjectured. One recalls the 
work of Ackerman (1926) on another species, from 
which he concluded that wing-production is associated 
with the dissolution of certain globules. It is difficult to 
think of such globules becoming cumulatively modified 
in a certain direction, suddenly becoming altered in a 
profound way, and maintaining the altered condition for 
many months in which thirty generations may have 
passed. Yet something has undergone just such a change 
in one of these clones. Whether changes of this nature 
can be of any evolutionary significance, even in warm 
regions where gamic reproduction is excluded, depends 
on whether the modifications are in any sense cyclical. 
If the aphids eventually return, by further changes of 
a similar nature, to their former condition, and perhaps 
repeat the whole performance, evolution would not get 
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far in this way. The fact that gamic females were again 
produced after an absence of thirteen months suggests 
such a cycle, but years of further study of the same 
clone will be required to demonstrate its existence. 


SuMMARY 


Besides the long-known difference between pink and 
green varieties in this species of aphid, clones also differ 
in that some include yellow parthenogenetic females 
along with the green. The gamic females also differ in 
color in different clones. The colors of the males of 
different strains differ in wave-length, percentage of 
white and percentage of neutral gray. 

A certain pink-female strain produced distinctly more 
males, and more gamic females from wingless parents, 
than did other strains reared at the same time. 

Two strains differed markedly in the length, relative 
thickness and depth of color of the hind tibiae of the 
gamic females. 

While males generally appear before gamic females in 
the onset of the gamic phase, one strain occasionally 
reversed that order. 

While one strain produced very few winged offspring 
in continuous light and many in alternating light and 
darkness, three other clones reversed this relation. Sev- 
eral other related differences were found. One strain 
produced fewer winged offspring under all conditions 
than did any other strain. 

Two clones produced more winged offspring from 
wingless parents than from winged parents, but two 
other clones definitely reversed this relation. 

One clone produced nearly 2 per cent. of intermediate- 
winged individuals (more than 2 per cent. under certain 
conditions of light), others produced smaller numbers, 
while one produced only 3 intermediates in 16,000. 

Each strain was healthy in the locality where it was 
collected, but was reared with difficulty when transported 
elsewhere (Woods Hole or Ann Arbor). 
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One of the clones changed suddenly in several respects. 
It suffered a great reduction in its tendency to produce 
gamic females; reversed its response to light and dark- 
ness with respect to wing-production; greatly increased 
its tendency to produce intermediate-winged females; 
began to produce numerous yellow individuals; and at 
the time of this great modification experienced a tem- 
porary change in the color (yellow) of all females and 
a temporary increase in the prevalence of winged in- 
dividuals. 
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TEMPERATURE AND OTHER FACTORS CON- 
CERNED IN MALE BIPARENTALISM 
IN HABROBRACON 


PROFESSOR P. W. WHITING 
UNIVERSITY OF PITTSBURGH 
AND 
RUSSELL L. ANDERSON 
JOHNSON C, SMITH UNIVERSITY 


In the parasitic wasp, Habrobracon juglandis (Ash- 
mead) crosses of orange-eyed (recessive) females by 
wild type (black) males produce, according to sex-linkoid 
inheritance, black heterozygous females from fertilized 
eggs and orange azygous males from unfertilized eggs. 
In 1921 (Whiting, P. W., ’21) black biparental males 
were also reported. 

These anomalous males were called patroclinous be- 
cause they showed the dominant paternal trait. They 
were supposed to be haploid mosaics with part of the 
body derived from the sperm nucleus alone (andro- 
genesis). A few proved such by breeding test, but later 
genetic evidence indicated that the majority at least are 
diploid (Whiting, P. W., and Anna R. Whiting, 725). 
The genetic and chromosomal! constitution of these males 
is of interest, bearing as it does on the problem of sex- 
determination in Hymenoptera. The ratios in which 
biparental males, females and haploid males occur has 
likewise excited interest. The two phases of the problem 
of male biparentalism, ratios and composition, have 
appeared somewhat separate, but doubtless each has an 
important relation to the other. 

As a result of accumulation of several groups of data 
bearing especially on variation in ratios, it has been 
planned in the present paper to report such as seem 
likely to aid in solving the problem. The material is 
reported here for the first time except for that of Anna 
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R. Whiting (’24) which will now be briefly abstracted 
and resummarized in the light of later discoveries. 


THE GENETIC Factor 


It has been shown (Whiting, Anna R., ’24) that cer- 
tain crosses produce biparental males while others fail 
to produce them. Two groups of material, each inbred 
and descended from a different wild female, were desig- 
nated as L from Lancaster, Pa., and I from Iowa City, 
Iowa. L contained both orange and black stocks while 
I was entirely black. Stock 12 was an orange-eyed stock 
of mixed L and I origin. The various crosses reported 
may all be summarized as in Table I. 

It may be noted that percentage of males among the 
biparentals (+ 100/+ 99 &+ is relatively high 
when L is crossed with L; low when mixed stock, #12, is 
crossed either with L or with I; while if L females are 
crossed with unrelated I males, biparental males are alto- 
gether lacking. It was therefore suggested that crosses 
of related stocks would produce biparental males while 
crosses of unrelated stocks would fail to produce them. 
Thus they are unlike intersexes in Lymantria. This 
hypothesis has been substantiated by later results. 

Magnhild M. Torvik (’31) bred several mutant types 
derived from different stocks up to L material and ob- 
tained biparental males in all cases. By the use of re- 
cessive mutations in two wild stocks (I and Minnesota) 
she identified biparental males thus proving that Lan- 
caster material is not necessary for production of 
these males. 

Crosses of recessive mutant type females by males 
from unrelated wild stocks from various sources have 
thus far failed to produce biparential males. 

Referring again to Table I we may note that per- 
centage of biparentals among total progeny (+ ?92& 
+33 100/Total) differs considerably in the different 
types of crosses. Crosses within the L material gave the 
lowest ratio of fertilized eggs reaching maturity ; crosses 
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of unrelated stocks gave the highest, while the inbred 
stock of mixed origin by either L or I material gave an 
intermediate ratio. Percentage of biparentals appears 
then to be negatively correlated with percentage of males 
among the biparentals. 

TABLE I 


SUMMARY OF DATA ON PERCENTAGES OF MALES AMONG BIPARENTALS AND OF 
TOTAL BIPARENTALS FROM CROSSES OF RELATED AND UNRELATED STOCKS. 
(ANNA R. WHITING, 1924) 


Parents Progeny 


929 SS 100 +9 9&+4 4x100 


332 7,272 7.07 39.24 

0 3,902 0.00 61.83 

1,547 47 1,361 2.95 53.94 
550 16 571 2.82 49.78 


Data presented in Table I are based on insects reared 
at approximately uniform temperature, 30° C., so that 
variation in ratios due to that factor have been mini- 
mized. The significance of the exact ratios is, however, 
to some extent negatived by differences in length of life 
of the mothers. It has been shown by D. R. Charles 
(730) that percentage of males among the biparentals 
decreases with increasing age of the mother (or with 
increasing time after mating). Charles reported the 
following percentages based on summaries from culture 
vials through which the mother was successively passed: 
(a) 11.96 +.34; (b) 7.71 +.57; (¢) 7.77 +.73; (d) 5.41 +.75. 
As regards percentages of biparentals among the total 
there is likewise a complicating factor. Mated females 
produce both males and females, but after supply of 
sperm is exhausted males only are produced. Although 
difference in length of life of mothers is an important 
factor causing variation in ratios, and percentages of 
Table I are based on total progenies, the numbers pre- 
sented here are large enough to be highly significant. 

The facts are inconsistent with the theory that loss of a 
sex chromosome in gametogenesis causes males to develop 
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from fertilized eggs. Since males among biparentals 
are relatively frequent from L females by L males but 
are lacking from L females by I males, the loss would be 
in spermatogenesis of L males and if offspring from L 
females by I males be compared with those from stock 12 
females by I males the loss must be in odgenesis of stock 
12 females. Therefore if stock 12 females be crossed 
with L males the ratio of biparental males would be ex- 
pected to be especially high, 7.07 4- 2.82 — (.0707 < .0282) 
per cent., instead of 2.95. 

Another way of viewing the material is as follows. 
The difference between stock 12 females by L females 
and L females by L males must be due to greater loss in 
odgenesis of L females. L females by I males should 
then produce (7.07 — 2.95 per cent.) 4.12 per cent., but 
not a single one occurred among 6,323 biparentals 
(females). 

The conclusion seems inescapable that male biparen- 
talism is dependent upon some condition at time of fer- 
tilization or subsequent to it. 


FrecunpIty AND Sex Ratio 


Casual inspection of cultures gives the impression that 
unisexual (male) fraternities are in general larger than 
bisexual. In 1925-26 Arthur M. Cloudman reared over 
5,300 wasps of inbred material (L stock 10, L and I stock 
12). Transfers were made every four days and tem- 
perature, 30° C., and all other conditions were kept as 
uniform as possible. The mean number of offspring 
from the vials producing males and females was 13.69 
while the vials producing males only averaged 18.05. 
The difference, 4.39 + 1.30, is in favor of the unisexual. 
Female ratios were calculated for each of the ‘‘bisexual 
vials.’ The correlation between these ratios and num- 
bers produced per vial was low but significantly negative: 
r=— 0.193 + .035. Evidently other things being equal, 
the greater the proportion of females the smaller the 
total number. 
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In 1923 Anna R. Whiting carried out a series of ob- 
servations on fecundity. Females of various types were 
set individually in small petri dishes containing a cater- 
pillar previously stung by another wasp. Immobility 
was thus insured giving optimum conditions for egg 
laying. Observations were made daily on contents of all 
petri dishes and mothers were likewise transferred daily. 
Cultures were kept at 30° C. except for the brief time 
taken for observations. 

Table II shows results as regards fecundity. The third 
column gives the sum of the days during which the 
females of a given type were set. This is equal to the 
total number of transfers made. The ratio, eggs/days 
(column 11), therefore represents egg production per 
day of each type of female; larvae/eggs expresses hatch- 
ability of eggs; and adults/larvae gives viability or ca- 
pacity of larvae to develop to maturity. 

Record is given (columns 6-8) of pupae formed, either 
in cocoons or naked. It may be noted that a rather high 
percentage of naked pupae are lethal while the majority 
of those forming cocoons eclose. 

While it is true that ratios express characteristics of 
the progenies of but two to four females each, they may 
be taken as probably representative of the type as they 
are consistent with differences in general breeding tests. 

As regards egg productivity, eggs/days, stock 5 ap- 
pears to be somewhat below average and daughters of 
biparental males are very low. Eggs of the latter have 
little hatchability. Of the eight larvae produced, one 
was able to form a pupa, but this was lethal. Such a 
condition is typical for these females which are consid- 
ered triploid. 

Hatchability, larvae/eggs, of 80 per cent. or less and 
viability, adults/larvae, of 80 per cent. or more appear 
to be typical for progeny of virgin females and the same 
applies to females mated with biparental males. No re- 
duction of number of offspring has ever been noted 
resulting from matings with biparental males. Very few 
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females are produced (here 2.6 per cent.) and it is prob- 
able that the sperm (diploid?) are few or are unable to 
penetrate the egg. 

Marked decrease in hatchability of eggs (to 49.1 per 
cent.) may be noted in the two fraternities when stock 
3 females were crossed with stock 3 males. This is in 
agreement with the observations of Cloudman that there 
are more offspring in male fraternities than in bisexual. 
Cloudman’s bisexual fraternities came from sibling mat- 
ings as in this case. Reduction in hatchability does not 
oecur when similar females (stock 3) are crossed with 
unrelated males (stock 11), despite the high ratio - 
females produced (81.9 per cent). 

We may note then that hatchability of unfertilized 
eggs is relatively high and viability of male larvae is 
good, although recessive lethals when present may be ex- 
pected to kill fifty per cent of wasps in immature stages. 

In outerosses where female ratio is high (majority of 
eggs fertilized) and biparental males absent, hatchability 
and viability are little if any lower than in case of unfer- 
tilized eggs. 

In case of inbreeding, where female ratio is relatively 
low and biparental males expected (although not identi- 
fiable in the present instance) hatchability is greatly 
reduced, although viability is normal. 


DuRATION OF DEVELOPMENTAL PERIOD 


Observations of Anna R. Whiting above reported fur- 
nish evidence for time of development at 30° C. of types 
differing genetically. Time from setting of mothers to 
eclosion of offspring is given in Table III. Since this 
period is at least nine days and the mothers were trans- 
ferred daily and records of eclosion were also made 
daily, the shortest period from oviposition to eclosion 
can not be less than eight days. A very few laggards and 
weaklings eclosing after eleven days are included in the 
eleven day group. 
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TABLE III 
GENETIC DIFFERENCES IN DURATION OF DEVELOPMENT AT 30° C. 


Females set Progeny P 
= Percentage eclosing after 
Type No. Type No. 
9 10 11 


24+&0488 29.4- 496+ 21.0+ 
2 10.0+ 59.7+  30.2- 
3 of8 78+ 586+ 33.5+ 


¢5v x biparental ¢ 2 044 13.9 + 56.1+ 29.9 + 


triploid 12.5 75.0 12.5 
29 


4 5.1 - 47.5 47.5 
115 0.9 36.5 + 62.6 + 


41 17.1- 41.5- 41.5 


0 
177 9.0 + 46.9 — 44.1- 


Males from hybrid virgin females, + v $3/#11, develop 
more rapidly than those from: inbred stocks: #3v, dv, 
tiv < biparental males. Females develop more slowly 
than males, and inbred females (from #3 X< #3) more 
slowly than hybrid females (from #3 < #11). The eight 
triploid females from biparental males are too few for 
generalization, except to say that their period of develop- 
ment can not be very widely aberrant. 

Sons of stock 3 females average the same rate of de- 
velopment whether the mothers are virgin or mated with 
stock 11 males. The latter cross produces no biparental 
males and, as noted above, fails to reduce fecundity of 
the females. Males are similar (from unfertilized eggs) 
in both eases. 

If stock 3 females are mated with sibs, however, sons 
appear on the average to be delayed in eclosion. This 
may be interpreted as possibly due to the inclusion of 
unrecognized biparental males among them. 


TEMPERATURE EFFECTS 


At the suggestion of the senior author, the junior au- 
thor carried out an experiment to test the influence of 
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various temperatures on ratios of males among bipa- 
rentals and upon ratios of biparentals. Preliminary 
tests demonstrated that a temperature of 35° C. had a 
decided sterilizing effect on females and a lethal effect 
on offspring. Females reared at 30° C. were set at 35° 
and transfers were made every four days through vials 
a, b, ec, and d. Of 40 cultures (single females) started, 
37 contained eggs. Larvae appeared in only 24 vials 
fr. ium among which three defective males matured. Of 
32 females passed through vials b only 17 produced eggs 
and none of these gave rise to larvae. The majority of 
these females were carried through vials ¢ and d, but 
eges appeared in only one case and these failed to hatch. 
Pans of water were kept at all times in the incubator and 
dead caterpillars became mouldy so that lethal and ster- 
izing effect may be attributed to temperature rather 
than to desiccation. 

Orange-eyed females from inbred stock 3 were crossed 
with black-eyed males from related inbred stock 1. The 
mated females which had been reared at 30° C. were set 
either at 30° or at 20° and kept at those temperatures. 
Transfers of mothers were made when larvae appeared 
on the caterpillars. This occurred every four days at 
30°, but at 20° larvae did not appear until ten days in 
vials a and until fourteen days after transferring to 
later vials. A generation was completed in approxi- 
mately ten days at 30° while at 20° thirty-two days were 
required although adults appeared in vials a twenty-four 
days after setting. The longer time may have been due 
in part to delay in oviposition, but the shortened time of 
vials a may be attributed to accelerating effect of the 
higher temperature on the eggs before the mothers were 
mated. Larvae reared at the two temperatures were 
either kept at those temperatures or transferred to a dif- 
ferent temperature when mothers were transferred to 
new vials. Transfers to lower temperatures delayed 
development as expected while transfers to higher ac- 
celerated it. The purpose of making the transfers was to 
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demonstrate any possible lethal influence which might 
affect the three classes of offspring differently. 


TABLE IV 


TEMPERATURE EFFECTS ON RATIOS IN PROGENIES OF ORANGE, {3, FEMALES 
CROSSED WITH RELATED TYPE MALES, $1. VIALS A & B 


Temperature Progeny 
After +24 x100 +99&+24 24 x100 


Initial 


30 233 21 8.268 50.297 
183 16 8.040 47.268 

36 9.809 45.704 

Total 73 8.902 47.426 
10 : 61.386 

4 2.72 71.359 

77.544 

357 1.892 67.457 


Considering data from vials a and b (Table 1V) we 
note a striking and significant difference in ratios for 
cultures started at the two temperatures. Difference in 
percentage of males among biparentals is 7.01 + .75 in 
favor of those started at 30° while percentage of total 
biparentals is 20.03 + 1.25 lower at 30°. It appears that 
lowered temperature may cause more eggs to be ferti- 
lized and of these a greater proportion produce females. 
Thus we have as a result of difference in temperature 
differences in these two percentages with negative cor- 
relation as has been shown also as a result of the genetic 
factor. 

Differences are not significant among those started at 
30° whether transfers were made to 20° or to 35°. 
Among those started at 20° an increase in percentage of 
diploids is noted when transfers were made to higher 
temperatures. The difference between those retained at 
20° and those transferred to 35° is 16.16 + 2.55 despite 
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a drop in percentage of males among biparentals, 
2.69 + .45. This may indicate a differential lethal effect 
of increased temperature upon males in general whether 
haploid or biparental. 

TABLE V 


TEMPERATURE EFFECTS ON RATIOS IN PROGENIES OF ORANGE, $3, FEMALES 
CROSSED WITH RELATED TYPE MALES, #1. VIALS c & D 


Temperature Progeny 
Initial ll +22 +88 O86 

30 30 46 4 139 8.000 26.455 
20 52 1 83 1.887 38.971 
35 142 8 446 5.333 25.168 
Total . . 240 13 668 5.138 27.470 
20 20 63 | 64 1.563 50.000 
30 86 0 38 0.0 69.355 
35 80 0 33 0.0 70.796 
229 1 135 0.435 63.014 


Reference to Table V confirms conclusions drawn from 
Table IV. Percentages of males among biparentals are 
strikingly lower from older mothers (or older sperm) in 
agreement with findings of D. R. Charles (’30). Per- 
centages of total biparentals are also lower, probably in- 
dicating exhaustion of supply of sperm. Those started 
at 30° have 4.70 + .98 per cent. more males among the 
biparentals and 35.54 + .197 per cent. fewer biparentals 
than those started at 20°. Differences among those 
started at 30° are of doubtful significance, but males are 
unquestionably reduced by transferring from 20° to 
higher temperatures as in case of results from younger 
mothers. No males appear among biparentals trans- 
ferred from 20° to a higher temperature but nevertheless 
ratio of total biparentals is markedly increased. (Dif- 
ference when transfers were made to 35° is 20.796 + 4.148 
per cent.) 
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SUMMARY AND GENERAL CONCLUSIONS 

Crosses between related stocks produce biparental 
males while outcrossing fails to produce them. Ratios 
of males among biparental offspring are negatively cor- 
related with ratios of total biparentals. Male biparental- 
ism can not be explained by loss of a sex chromosome 
during gametogenesis, but, if such loss occurs, it must be 
at time of or subsequent to fertilization. 

Daily observations of oviposition and offspring of a 
series of 17 females showed little variation in number of 
eggs laid per day according to type of female except that 
(triploid) daughters of biparental males were of low egg 
productivity. Hatchability of eggs and viability of off- 
spring of triploid females is extremely low. Hatchabil- 
ity of eggs is to no great extent reduced by mating to 
biparental males (very few females produced) or by out- 
crossing to unrelated males (majority of offspring 
females), but if cross is made to closely related males 
(female ratio intermediate) hatchability is far below that 
of unfertilized eggs. Viability of offspring was neither 
decreased nor increased in comparison with that of male 
fraternities by mating with biparental, related, or unre- 
lated males. These observations are in agreement with 
conclusions reached by extensive genetic tests. It is con- 
sidered that fertilization by related sperm has a lethal 
effect perhaps by causing chromosome elimination. 

The offspring (male) from the hybrid virgin females 
developed somewhat more rapidly than sons of inbred 
females. Females in general developed more slowly 
than males but hybrid females developed more rapidly 
than inbred. Brothers of inbred females appeared to be 
somewhat retarded in comparison with sons of similar 
mothers bred as virgins. It is suggested that this aver- 
age retardation may be due to presence of biparental 
males. 

Recessive females mated with dominant related males 
produce fewer biparental offspring but more males 
among the biparental if they are kept at 30° C. than if 
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they are kept at 20° C. Transfer of young to other tem- 
peratures appears to have no effect on ratios of the types 
except that ratio of biparentals is increased if transfers 
are made from low, 20°, to higher, 30° and 35°. This is 
probably to be explained by a differential lethal effect on 
males in general. 
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SOME FACTORS AFFECTING THE REVERSAL 
OF SEX EXPRESSION IN THE 
TASSELS OF MAIZE 


FREDERICK D. RICHEY AND GEORGE F. SPRAGUE 


BUREAU OF PLANT INDustTRY, U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


INTRODUCTION 


Tue possibility of using the greenhouse in connection 
with corn breeding. experiments was pointed out in 1921 
(5). A erop has been grown each winter since then as 
a part of the corn investigations program at the Arling- 
ton Experiment Farm of the Bureau of Plant Industry. 
With better facilities during the later years it has been 
possible to examine some of the relations between en- 
vironment and development under reasonably controlled 
conditions. Incidental to these, data were taken on the 
production of silks in the tassels of the different strains 
under different environments. These data form the 
basis for the present paper. 

Maize normally is monoecious, with the pistillate inflo- 
rescences borne on lateral branches and the staminate 
inflorescence terminal. The flowers of both inflorescences 
are potentially hermaphroditic, however, with primordia 
of the organs of both sexes present (10). Moreover, 
pistils and anthers may develop in part or all of an in- 
florescence in which the opposite sex normally is ex- 
pressed. Thus, in anther-ear and dwarf, (2), functional 
anthers develop along with the ovules of the ear shoot. 
Again, at least three recessive and two dominant genes 
are known that determine the production of functional 
pistils in the tassel (4). Considering only the latter, 
there are then definite hereditary strains of maize in 
which functional female flowers occur regularly in the 
terminal inflorescence under the same environment under 
which this inflorescence is male in most strains. 
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It would seem that such strains constituted sufficient 
evidence of genic constitutions determining differences 
in sex expression in maize. In spite of this evidence, 
however, Schaffner concludes that ‘‘Any theory of sex 
which would explain the diversity of sexual expressions 
by an appeal to a diversity of gene constitutions is en- 
tirely beside the mark. Such conceptions and hypotheses 
are fundamentally incorrect because they do not agree 
with established facts . . .’’ (8, p. 285). Schaffner bases 
this conclusion on the results of his experiments (6, 7, 8) 
in some of which maize plants grown in the greenhouse 
during the winter in an environment of short days, low 
light intensity, normal growing temperatures, a produc- 
tive soil and abundance of water produced tassels rang- 
ing from partially to completely pistillate. Schaffner 
terms the development of such tassels sex reversal and 
the term will be used in the same sense here. 


EXPERIMENTS AT ARLINGTON Farm, VIRGINIA 


The data to be reported were obtained on plants grown 
during the winters of 1929-30 and 1930-31. Three self- 
fertilized strains of corn were used in 1929-30, namely, 
201-F, 228-4-8, and 616-4. No. 201 had been selfed for 
11 generations and was a selection from the Delta vari- 
ety, adapted to eastern Arkansas. No. 228 was a 10- 
generation self selected from the Lancaster Surecrop 
variety from Pennsylvania, and No. 616 was a 2-genera- 
tion self selected from Polar dent, a variety developed 
at the Michigan Agricultural Experiment Station. In 
1930-31 the same strains of 228 and 616 selfed for an 
additional generation were used. 

The plants were grown in two units of the corn green- 
house. The scheduled temperatures for the ‘‘warm 
unit’’ were 80° F. in the daytime and 70° at night. The 
temperatures for the ‘‘cool unit’? were 70° and 60°. 
There was no automatie temperature control, but these 
temperatures were reasonably approximated until blos- 
soming was completed. 


No. 706] SEX EXPRESSION IN MAIZE 435 


Two plantings were made each year, a first on Novem- 
ber 15 and a second on December 15. From shortly after 
emergence until maturity some of the plants were given 
supplemental lighting from 60-watt mazda lights 
equipped with reflectors and suspended about six feet 
above the surface of the soil in which the plants were 
grown. The lights were spaced so that the average watt- 
age was 3.2 per square foot. 

In the 1929-30 experiments the lights were turned on 
from 4: 30 to 9:00 Pp. m. each day, those plants not receiv- 
ing the supplemental light being protected by black cur- 
tains drawn across the house. The same system was fol- 
lowed in 1930-31, and, in addition, some plants were 
given supplemental lighting from 7:30 a.m. until noon, 
thus increasing the light intensity instead of the light 
period. Lights of the same wattage and spacing were 
used to obtain the added intensity. The reflectors had 
to be tilted, however, so that the light was less concen- 
trated than where the light period was lengthened. 


TABLE I 
PERCENTAGE OF TOTAL PLANTS HAVING SILKS IN THE TASSELS 


Warm unit (80° F.) Cool unit (70° F.) 


Supplemental light Supplemental light 

Day- 

Period Intensity light Period Intensity 

4: 30-9 7:30a.m— only 4: 30-9 7:30 a.m— 
p.m. Noon 


Date planted 
and strain 


Nov. 15, ’29 


light 
only 
10 0 20 0 
0 0 30 0 
70 30 100 90 
Dee. 15, ’29 
0 0 0 0 
0 0 0 0 
616 ....... 50 29 78 33 
Nov. 15, 730 
228 ......... 0 0 0 20 0 0 
GIG... 60 40 40 90 20 60 
Dee. 15, 
228  ........ 0 0 0 0 0 0 
67 0 40 86 33 100 
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The numbers of plants with silks in the tassels in each 
experiment are shown as percentages of the total num- 
ber of plants of the particular kind and treatment in 
Table I. Ten plants comprised a lot except for a few lots 
in which from one to three plants died. The average 
number of silks per reverted tassel in the 1930-31 experi- 
ment is shown in Table II. 


TABLE II 
AVERAGE NUMBER OF SILKS PER REVERTED TASSEL 


Warm unit (80° F.) Cool unit (70° F.) 


Date planted ii Supplemental light me Supplemental light 
and strain light Period Intensity light Period Intensity 
only 4: 30-9 7:30a.m- _ only 4: 30-9 7:30a.m- 

p.m. Noon p.m. Noon 


616 ....... 
Dee. 15, ’30 


47 


E\NVIRONMENT AND SEX EXPRESSION 


That the length of the light period is important in de- 
termining sex expression, as already stressed by Schaff- 
ner, is well shown by the data in Table I. Of the 20 lots 
of plants receiving no supplemental light, 12 contained 
some plants having silks in the tassels. Each of the 12 
comparable lots receiving a supplemental light period 
had fewer plants with sex reverted tassels. The number 
of silks per reverted tassel was not affected as strikingly, 
however, by lengthening the light period (Table II). Of 
the three possible comparisons the number of silks was 
less in two and more in one. 

Of the 24 pairs comparable as to light but differing as 
to temperature, some plants in each of 13 pairs had sex 
reverted tassels (Table I). In 12 of these pairs the 
plants grown in the warm unit had fewer tassels contain- 
ing silks than those grown in the cool unit, the relation 


Nov. 15, ’30 
P| 36 19 19 42 48 73 
40 47 22 91 
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being the opposite in the other pair. The difference of 
some 10 degrees F. in temperature was essentially as 
consistently effective in modifying the percentage of sex 
reversals as was the difference of about 44 hours of illu- 
mination. The number of silks per reverted tassel 
(Table IIT) was lower for the plants grown in the warm 
unit than for those in the cool unit in four of the five pos- 
sible comparisons. Temperature, therefore, also was 
effective in this direction. 

The percentages of sex reverted plants among the lots 
receiving supplemental light intensity differed very lit- 
tle from those of the comparable lots with no supple- 
mental lighting (Table I). In three of the four compari- 
sons there were slightly more sex reverted plants among 
the unlighted lots. The differences in numbers of silks 
per reverted tassel in the two lots (Table IT) are entirely 
inconsistent. General observation of plants grown in 
darker and lighter greenhouses has suggested that low 
light intensity tends to sex reversal. If so, the differ- 
ences in intensity in these experiments were too small to 
be significantly effective. It may be concluded, however, 
that the added intensity, which was something less than 
the intensity used to lengthen the daily light period, was 
not as effective as the lengthened light period in reduc- 
ing sex reversal. 

Detailed discussion of the influence on sex reversal of 
environment as modified by time of planting, either alone 
or in relation to the controlled features, seems unneces- 
sary here. The plants of the December 15 plantings 
grew during days that were longer and in general had 
fewer sex reversals than those of the November 15 plant- 
ings. In addition, however, the light intensity for the 
December plantings was greater for conditions of equal 
cloudiness because of the sun being higher. Moreover, 
both of these differences were greater for the plants in 
the cool unit where development was slower than in the 
warm one, and this relatior. was modified further by in- 
teractions with the light treatments and with the time 
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required by the different strains to reach the blossoming 
stage. 

For present purposes it is sufficient to have shown that 
with the same strain and the same temperature the 
length of the daily light period as controlled in these ex- 
periments determined, within limits, the percentage of 
reversals in sex expression. Similarly, with the same 
strain and the same length of daily light period differ- 
ences in temperature determined, within about the same 
limits, the percentage of reversals in sex expression. 


HEREDITY AND SEX EXPRESSION 


Differences in the reversal of sex expression are at 
least as marked and consistent among the different 
strains as among the treatments. 

Only five of the some 200 plants of strain 228 had silks 
in the tassels. All of these were grown in the November 
plantings in the cool unit without supplemental light. 
Three of them occurred in the 1929 planting and two in 
the 1930 planting, the latter having one silk in each tas- 
sel. There also was little reversal of sex expression in 
strain 201. In contrast, some of the plants in 19 of the 
20 lots of strain 616 had reverted tassels, the average 
percentage being 56 per cent. in comparison with 2.5 per 
cent. for 228. Here, then, with a given temperature and 
light period, differences in heredity determined, within 
limits, differences in the reversal of sex expression. 

Schaffner (8) also obtained a difference in the reversal 
of sex expression between two selfed lines. In his ex- 
periments the line with more sex reversals required 
longer from planting to blossoming. Schaffner assumed 
that excess of sex reversals in this line were due to the 
fact that the plants passed a longer time under short day 
conditions. This assumption would be more convincing 
were it not for the fact that this longer time carried the 
plants into a period of longer days. The average length 
of day from planting to blossoming accordingly was 
more for the line having more sex reversals. In our ex- 
periments it so happens that 616 requires the shortest 
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time from planting to blossoming and 201 the longest 
time, with 228 intermediate. 


INHERITANCE OF TENDENCY TO SEx REVERSAL 


In the December 15, 1929, planting in the cool unit 
there were no sex reversals among the plants of 228, 
whereas 78 per cent. of the plants of 616 had silks in the 
tassels. A plant of 616 with a high degree of sex reversal 
was selfed and crossed on a plant of 228. This cross was 
selfed and back crossed to the 616 parent in the field in 
1930. Progenies of both parents, the F, cross, the F, and 
the back cross were grown in the corn breeding green- 
house at the Arlington Farm during the winter of 
1930-31. The temperature was maintained at some 60° 
to 70° F. during the first weeks of development and then 
at some 70° to 80°. Electric lights were used to lengthen 
the daily light period in part of the house but not in the 
immediate vicinity of where these progenies were grown. 
Conditions, therefore, were moderately favorable for 
reversal in sex expression. 

The proportions of plants in the segregating progenies 
having and not having silks in the tassels (Table III) are 
in good agreement with the expectation for an F, and 
back cross involving a difference in a single major factor 
pair, the recessive allelomorph determining the greater 
tendency toward sex reversal. 


TABLE III 


THE NUMBERS OF PLANTS WITH AND WITHOUT SILKS IN THE TASSELS IN 
THE Cross 228 x 616, ITs PARENTS AND IN SEGREGATING PROGENIES 


Number of plants with Percentage 


of 
reversals 


Pedigree Normal _Silks in 


tassels tassels 


298 
....... 

228 x 616, F, 

228 x 616, F, 

(228 x 616) x 616 


No. 706} 
PE 
0 5 100 
9 0 0 
70 20 322 0.9 
ike 52 49 48.8 3 
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Ratios of normal to sex reverted plants other than 3 
to 1 and 1 to 1 probably would have been obtained had 
the plants been grown in a different environment. Thus, 
with long hot days, presumably there would have been 
little or no reversal of sex expression even in the 616 
parent. The evidence for a single gene difference is 
rather in the fact that (approximately) twice as many 
plants of the back cross had silks in the tassels as did 
those of the F, generation. This is true, moreover, not 
only of the totals but also of the more important classes 
for numbers of silks in the tassel as shown in Table IV. 


TABLE IV 
DISTRIBUTION OF PLANTS IN CLASSES FOR NUMBERS OF SILKS IN TASSELS 


Ciasses for Number of plants in class 
number of 
silks in 
tassels 


F, cross Back cross 


to 
| 


1-4 
5-8 
9-12 
13-16 
17-20 
More than 20 


oH 


a 23 silks. 
b Seattered, from 21 to 181 silks. 


It seems reasonably conclusive that 228 and 616 dif- 
fered with respect to an important gene determining 
differences in tendency to reversal of sex expression. 
The data of Table IV suggest also that additional less 
important genes also were involved in the cross, with 616 
carrying those determining the greater tendency to sex 
reversal. The data are not sufficiently extensive to be 
conclusive on this point. The departure of the distribu- 
tions from normal and the differences between the distri- 
butions, however, are indicative of such a situation. 


Discussion 


The data reported here show that at least two elements 
of the environment, temperature and length of daily light 


14 | 

1 3 
2 0 
0 1 
1 1 
0 la IB 
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period, influence the reversal of sex expression in some 
strains of maize. Moreover, they show that the extent 
to which these environmental factors are influential dif- 
fers markedly with strains of diverse heredity. Finally, 
they show that two of these strains differ by a single 
gene of major importance in determining their relative 
tendency toward reversal of sex expression. 

The fact that the inherent differences caused by dif- 
ferences with respect to this gene require a certain envi- 
ronment for external expression is not unique. Emerson 
(3) has given a clear statement of the viewpoint of the 
geneticist with regard to sex determination in flowering 
plants. In this he emphasizes that many characters 
other than those associated with sex expression require 
both a specifie genetic complex and a more or less specific 
environment for their expression. 

Virescent seedlings in maize afford a good example of 
the interaction of genes and environment (1). Some of 
these are extremely albinistic and develop chlorophyll 
very slowly under any environment in which they have 
been grown. Others are virescent only when grown at 
relatively low temperatures or in subdued light or both. 
Under conditions more favorable for growth the latter 
can not be distinguished from their normal sibs. It is 
only natural that genes which produce a given end prod- 
uct under a wide range in environment should be used 
most by the geneticists. The geneticist recognizes 
clearly, however, that the other type of genes exists, and 
regularly uses a more or less controlled environment in 
working with such genes. 

In fact, the complete acceptance of this principle as a 
matter of course by geneticists and a consequent failure 
to mention it may be a reason for the objections raised 
by non-geneticists to some genetic interpretations. 
Sharp (9) has summarized well what seem to be the 
major reasons for disagreement between the two schools, 
as follows: 
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1: A failure to recognize the real complexity of Mendelian Phenomena, 
and to understand what the geneticist should hold regarding genes and their 
action: 

2: A failure to distinguish between the segregation of genes and the dif- 
ferentiation of characters, and hence to perceive how much is involved in the 
determination of characters: and 

3: A failure to take proper account of the fact that the interacting system 
in which the phenomena under discussion occur is the system organism-en- 
vironment, whose two components are not separable in any real sense. 


Schaffner (8) appears to hold that before a gene can 
be said to determine a character it should control it com- 
pletely in any environment. The other point of view, and 
one that to the writers seems more logical, is that evi- 
dence of genic control of a character in any single envi- 
ronment is an adequate basis for concluding that the 
differentiation of this character is determined geneti- 
eally, with the full recognition that genes must always 
interact with environment in producing the final end 
results. 

SUMMARY 


Reversal of sex expression in maize, i.e., the develop- 
ment of silks in the tassels, is shown to be influenced by 
environment and heredity. 

Shorter daily light periods and lower temperatures 
tended to bring about the development of silks in the tas- 
sels, the opposite conditions tending toward normal sex 
expression. 

The low additional intensity of light used during day- 
light in these experiments had little if any effect upon 
sex reversal. 

Different inbred strains differed markedly in the de- 
gree to which they were affected by changes in environ- 
ment. 

The F, and back-cross progenies from a cross between 
two strains differing in their tendency toward reversal 
of sex expression segregated typically for a difference 
in a single major factor pair, the recessive determining 
the greater tendency to reversal. The data from these 


No. 706] SEX EXPRESSION IN MAIZE 443 


progenies suggested that additional, less important 
genes also were involved. 
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ARE THE CHROMOSOMES AGGREGATES OF 
GROUPS OF PHYSIOLOGICALLY INTER- 
DEPENDENT GENES?” 


PROFESSOR R. A. BRINK 


DEPARTMENT OF GENETICS, UNIVERSITY OF WISCONSIN 


In current genetic theory the gene is regarded as 
a unit whose properties are inherent in its composition. 
The locus determines the manner in which the factor is 
distributed to the offspring with reference to the other 
genes in the complex. Physiological behavior, on the 
other hand, is a function of the make-up of the individual 
gene itself. Considering the genotype as a whole it is 
the combination, not the arrangement of the genes which 
determines the course of development. On this view the 
essential structure of the chromosome is comparable to 
that of a string of beads of diverse kinds. Each bead, 
corresponding to a gene, is a distinct entity and does not 
derive any of its properties from its neighbors. The 
inference is that the genes in a complement conceivably 
might be ‘‘restrung’’? at random without altering the 
manner in which they would function in development. It 
is assumed, of course, that in the permutation no genes 
are lost and none are added. 

From time to time blocks of genes become shifted from 
one position in the chromosome complement to another. 
These changes sometimes occur spontaneously as Bridges 
(’23) first showed. They frequently result also from 
treatment with X-rays and radium (Muller, ’28, Stadler, 
28, and Dobzhansky, ’30a). In maize several cases have 
been found in lines which have received no treatment cal- 
culated to produce germinal variations. The stability of 
the new arrangement appears to be comparable to that 
of the old. These changes open the way to a study of the 
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significance of the structure of the germ-plasm as such 
for heredity and evolution. 

Structural changes in the chromosomes are of interest 
in two general respects. They may serve as physiologi- 
cal barriers to interbreeding between the type and the 
derivative form in which the position of certain germinal 
elements is different. Crosses between several strains 
of maize which breed true for new arrangements of parts 
of chromosomes and the normal type have been shown to 
give partially sterile hybrids. In one such combination 
studied, in which both ends of the P-br chromosome are 
replaced by segments from two other chromosomes, only 
about 15 to 20 per cent. of the pollen grains and ovules 
are functional. Furthermore, the materials are now in 
hand from which a true-breeding line might be synthe- 
sized which would probably be almost fully sterile with 
normal maize. It is apparent, therefore, that structural 
changes in the chromosomes may have the same potential 
significance as factors in the isolation of subraces of a 
species as have such well known physical barriers as 
mountains and large bodies of water. 

Alterations in chromosome structure are likewise of 
interest as possible sources of changes in the dynamic 
properties of the gene complex. Will gene 2, for exam- 
ple, have the same physiological effect in development if 
it lies between gene w and gene y (w-a-y) as it will if the 
x-y segment of the chromosome is transferred to a new 
position so that x now adjoins gene ¢ (c-a-y)? In other 
words, are the properties of the hereditary units a fune- 
tion in part at least of the spatial relations which they 
bear to other genes in the complex? This is a problem 
of fundamental significance in heredity. 

A remarkable feature of the homozygous translocated 
types of Drosophila melanogaster is that, in comparison 
with normal stocks of the same known genetic composi- 
tion, they differ more or less strikingly in morphology 
and fertility. Few, indeed, have been obtained in homo- 
zygous condition so radical is the disturbance usually 
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attending the translocation. Bridges (’23) found the 
‘*nale’’ translocation to be lethal in homozygous condi- 
tion and accounts for the fact on the assumption that a 
fragment of the translocated segment was lost in the 
transfer. Of three translocations involving the third 
and fourth chromosomes in D. melanogaster which 
Dobzhansky (’30b) has studied in detail, one proved to 
be lethal in homozygous condition; another, while normal 
in appearance, was sterile in the female sex and showed 
reduced fertility in the male; while in the third the 
females produced markedly fewer offspring than the 
wild type. Muller and Altenburg (’30) report that of 
the various translocations involving the four chromo- 
somes of D. melanogaster which they have investigated 
only a few could be obtained in homozygous condition, 
and that those which can be so bred usually show sterility 
and different kinds of morphological abnormalities. In 
explanation of this behavior it is suggested that accom- 
panying a translocation a gene mutation may occur in 
the chromosome involved or a deficiency may arise at the 
point of break. It is possible, too, that the breaks may 
occur where the chromosome has been injured previ- 
ously. Muller and Altenburg also suggest that the 
change in intermolecular surroundings of the genes ad- 
jacent to the points of break and reattachment may alter 
the way in which these genes function. 

Semisterile-1 in maize which involves an interchange 
of terminal segments between the B-lg and P-br chromo- 
somes (Brink and Cooper, 1931) gives equal numbers of 
semisterile and normal offspring on_ self-pollination. 
Within the limits of random sampling one-half the latter 
group consists of a new class of plants, termed 2-7, 
which is homozygous for the interchange. At the time 
they were first obtained it was recognized that, in their 
gross features at least, an, plants were phenotypically 
indistinguishable from the standard, o-normal class. In 
view of the significance of the question at issue, however, 
it was deemed worth while to set up an experiment in 
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which o-n and an, plants of the same average genetic 
composition could be tested more closely for possible 
developmental differences. 

Progenies were grown from the seed of two selfed 
semisterile-1 sib plants not segregating for any known 
genes in the B-lg and P-br chromosomes. The semi- 
sterile plants among the offspring were discarded. The 
two classes of normals among the remainder were classi- 
fied by mating each plant to an o-normal individual and 
examining the pollen of the respective hybrids the fol- 
lowing year. In this type of mating z-normals give all 
semisteriles in contrast with the fully fertile offspring of 
o-normals. 

The two classes of normals were necessarily distrib- 
uted in the rows at random in planting. The following 
data were taken on them: (1) dry weight of the whole 
plant at maturity, (2) dry weight of the ripe ears, (3) 
number of days from planting to the silking stage. The 
latter figure is taken as a measure of rate of develop- 
ment. The results are summarized in Table I. 


TABLE I 


COMPARISON OF 0—NORMAL (STANDARD) AND 2—-NORMAL (SEGMENTALLY 
INTERCHANGED) PLANTS OF THE SAME BREEDING 


o-normal ax-normal 


Character 


measured No. oe No. 
plants plants 


Difference 
Av. value 


Dry weight of 

plants (grams) 27 22422148 30 233.7 +143 9.5 + 20.59 
Dry weight of 

ears (grams) .. 26 152.1+13.0 29 1532 + 99 1.1 +16.30 
Number days to 

29 «819+ 0.35 32 80.28 + 0.31 168+ 0.46 


It will be noted from the values presented in Table I 
that the differences between o-normals and z-normals, 
with respect to dry weight of plant and dry weight of 
ears, are clearly not significant statistically. In view of 
the rather large variability in these characters as indi- 
cated by the high probable errors larger numbers of in- 
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dividuals would have been desirable for the comparison. 
So far as the data go, however, there are no grounds for 
thinking that the interchange of chromosome segments 
has had any effect on size of plant or size of ear. The 
z-normal plants reached the silking stage 1.68 + 0.46 
days earlier, on the average, than the o-normals. The 
difference is 3.6 times its probable error and possibly sig- 
nificant statistically. It should be borne in mind, how- 
ever, that in view of the relatively small numbers in the 
experiment the probable error of the difference is itself 
subject to a fairly large error of sampling and can not, 
therefore, be considered as certainly indicating a signifi- 
cant divergence in the two values. 

The relations obtaining here are obviously different 
from those found by the Drosophila workers. The trans- 
located type of maize is indistinguishable from the nor- 
mal in fertility, in size of plant, in size of ear, and prob- 
ably in rate of development. 

In seeking an explanation of the difference the possi- 
bility should be kept in mind that, while in animals, 
gametes, which are more or less radically defective or 
otherwise unbalanced in their chromosome make-up, fre- 
quently function in fertilization, corresponding gametes 
in plants rarely or never oceur on account of the inca- 
pacity of the gametophytes which might produce them to 
develop. The gametophyte generation, in other words, 
plays the role of a filter, intercepting such haploid com- 
binations of the hereditary materials as radically modify 
the metabolic processes. It may be, therefore, that in 
plants one obtains in homozygous condition only a highly 
selected sample of the translocated types, namely, those 
which do not occasion any significant injury to the organ- 
ism. In animals, on the other hand, degressive muta- 
tions, deletions, ete., which may be assumed frequently 
to accompany translocations are transmitted to the off- 
spring along with the structural alteration. 

There is an alternative explanation which should be 
tested if possible. It might be assumed that the chromo- 
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some in its essential make-up consists not of genes which 
are entirely distinet from each other in function but of 
aggregates of groups of genes which are physiologically 
interdependent. On this hypothesis it is supposed that 
propinquity of the genes within a group is essential to 
normal gene action. On this view translocations involv- 
ing breaks between groups of genes would not alter the 
genotype. The case in maize discussed above might be 
assumed to be of this type. If, however, the chromosome 
is broken in such a way as to separate the members of a 
gene group more or less profound changes in the physio- 
logical properties of the complex would follow. All the 
translocations in Drosophila thus far described appar- 
ently would fall in this category. 

Serious difficulties stand in the way of submitting this 
hypothesis to a genetic test. How is one to determine in 
a given translocation, for example, whether the position 
alone of certain genes has been altered? It would seem 
necessary to account for all the loci in which coneomi- 
tant changes might have occurred, a condition which 
obviously can not be met. A cytological approach to the 
problem appears more hopeful. 

Cytological and genetical observations are in agree- 
ment in showing that the chromosome is segmental in 
character even though the relations between the descrip- 
tive terms used in the two cases, chromomere and gene, 
are not yet apparent. Wenrich’s (’16) studies on the 
grasshopper, Phrynotettix magnus, afford a convincing 
demonstration of the regularity in number, size and posi- 
tion of the chromomeres; and the breeding facts leave 
no room for doubt about the genes being arranged in a 
fixed succession. But this is as far as the substantial 
evidence goes. One can only speculate as to the probable 
relation between the elements into which the chromo- 
somes have been resolved by the respective methods of 
the cytologist and the geneticist. It does not appear 
improbable, however, that the chromomeres (at least 
some of them) represent several genes. One need go but 
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a step farther and assume that the genes within a 
chromomere bear a special physiological relation to each 
other to form a consistent hypothesis as to why some 
translocations alter the reaction of the gene complex and 
others do not. In the first class of cases it may be sup- 
posed that the break in the chromosome passes through 
a chromomere and in the second, where the structural 
change evokes no metabolic response, the chromosome is 
parted between chromomeres. 

This is an hypothesis whose value can possibly be 
measured inductively by cytological means. It was sug- 
gested by the observation that in early prophase figures 
of semisterile-1 maize one of the arms of the inter- 
changed chromosome complex consists of three pairs of 
well-defined chromomeres. (Figure 3, Cooper and Brink, 
31.) One of the strands in this arm is a translocated 
segment, and the configuration shows that it corresponds 
to and is paired with three chromomeres of the normal 
chromosome. Other preparations which Dr. Cooper has 
made show that these three chromatic bodies are a char- 
acteristic feature of semisterile-l. Evidently the break 
in this chromosome occurred between chromomeres three 
and four (counting from the distal end). There is like- 
wise some evidence of a less certain character, however, 
that the other translocation in the complex involves a 
definite number of chromomeres and that the point of 
break lies between two of these bodies. As discussed 
earlier in this paper plants which are homozygous for 
the semisterile-l segmental interchange are readily 
obtained and do not differ significantly from normal 
maize of similar genic composition. <A study of other 
cases of translocations in organisms in which the details 
of chromosome structure at suitable stages can be made 
out should provide a body of evidence against which the 
hypothesis outlined may be tested. 
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HOW OLD ARE THE LEPIDOPTERA? 


PROFESSOR WM. T. M. FORBES 


CORNELL UNIVERSITY 


THERE is a general impression, based on the known 
geological record,’ that the Lepidoptera are the youngest 
of the larger orders of insects. My feeling is that this is 
due merely to the imperfection of the geological record, 
and in particular to the fragility of the moths; and that 
the true origin of the Lepidoptera is ages older. 

To extend back the hypothetical history of the moths 
to their origin we must consider how far back in the pre- 
sumptive genealogical tree the known geological record 
goes, and figure the proportional time necessary to de- 
velop to that point from the bottom of the tree. We will 
also try to reconstruct the biological needs of the most 
primitive true butterfly and of the most primitive Lepi- 
dopter; and then discover in what geological periods they 
might have been supplied. 

The conclusion that we will come to is that there is a 
slight weight of probability that the Lepidoptera arose in 
the late Carboniferous or early Permian period, in some 
part of the earth that was not glaciated, and that they 
arose ina sort of symbiosis with the first flowers; in fact, 
that the flowers were created by the Lepidoptera; and 
further, that the lower butterfly stage was reached in the 
Jurassic period. 

The first point that we can fix is in the Miocene. 
Among the butterflies described from Florissant is one in 
beautiful preservation: Prodryas persephone Scudder. 
It was described as a rather distinct form, related to 
Libythea, but on examining the type I found that the 
venation has been misinterpreted, and that there was no 
significant difference in pattern, wing-form or visible 

1As, for instance, in Carpenter’s recent article: ‘‘A Review of Our 
Present Knowledge of the Geological History of the Insects,’’ Psyche, 
xxxvii, pp. 15-34, especially the diagram on p. 20. 
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venation from the modern Antillean and Neotropical 
genus Hypanartia. On the whole, the pattern suggests 
the African species sometimes separated as Antanartia, 
while the wing-form is nearest the wide-spread South 
American H. lethe. The differences in structure between 
the American and African types are obscure and entirely 
invisible in a fossil. 

There was, then, in the Miocene period (some 20 mil- 
lion years ago by the radioactive dating) at least one 
modern tropical genus of a specialized family, already in 
existence. The other Lepidoptera from the Cenozoic 
age are less perfectly known, and none of them seem to 
give any more significant data, but none stand in con- 
tradiction. 

Now we must look into the presumable ancestry of 
Hypanartia; and from this point back we must recon- 
struct the evolution of the order on the basis of living 
forms. The two families Lycaenidae and Erycinidae do 
not appear to be in the direct ancestry of the Lepidoptera, 
but if we leave aside a few characters presumably of 
modern origin (such as the abortion of the tegumen), we 
may say that the Pieridae lie below the Nymphalidae; 
below them, and more primitive in numerous structures 
of the body, wings and early stages, come the Swallow- 
tails (Papilionidae). We can fairly say that the differ- 
ences between the most specialized modern Nymphalidae 
and such a moderately generalized form as Hypanartia are 
small compared with the space that lies between Hypan- 
artia and the Papilios. Here again we must pass over a 
few characters of the modern form (such as the scent- 
horns of the larva and the free vein 3rd A of the butter- 
fly’s fore wing), but it is safe to say that Papilio is not 
far from the earliest true butterfly. 

The most significant feature of Papilio for its placing 
in the geological series is the food of the larva. The 
genus is divided into three main sections, evidently 
separated a long time ago. Two of these are so closely 
limited to single families of plants that we can safely 
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say that their ancestor fed on plants of those families: 
namely, the bird-wing butterflies and green-swallowtail 
group on the Aristolochiaceae, and the kite-swallowtails, 
including our Zebra, on the Anonaceae. The third group 
is more varied in food, but on the whole the oldest new- 
world subgroup is that of the Blue Swallowtail, Papilio 
troilus, and the oldest type in the old world, if we leave 
out of account the effect of mimicry on the pattern, is the 
one containing P. clytia and paradoxa. Both of these 
groups feed on the Lauraceae and the former on the Mag- 
noliaceae also. The only other plant family which is a 
sufficiently dominant one in the list of food-plants for 
serious consideration is the Rutaceae (orange family). 
I am inclined to view this food-plant as secondary, like 
the Umbelliferae, Compositae, Rosaceae, Piperaceae, ete., 
which occur as casual foods for odd species or small 
groups. We find that these four families (Magnoliaceae, 
Lauraceae, Anonaceae and Aristolochiaceae) are gener- 
ally conceded to be among the most primitive of all the 
flowering plants, some Magnoliaceae in particular having 
a specially primitive type of flower.’ 

A second factor of the picture is the biology of the 
genus. If we study the subfamily Papilioninae, we find 
that it is overwhelmingly of tropical and forest distri- 
bution, and that it tends to move out into the temperate 
zone in forested areas, but that only a few and rather 
widely isolated species (e.g., turnus, philenor, marcellus, 
machaon and xuthus) have really well-marked seasonal 
forms, and only a moderate number even have adapta- 
tions to a winter or dry season, most of them seeming to 
breed continuously. The number adapted to arid condi- 


2 Here and throughout the paper I am using the term ‘‘flower’’ in a 
biological rather than a morphological sense, that is for a structure of 
whatever morphology which contains the reproductive organs, and associated 
display-structures which might well be for the attraction or convenience of 
insect fertilizers. The flower of such a primitive form as Lyginopteris will 
be parallel rather than identical with the modern Angiospermous type, and 
contrariwise the morphological ‘‘flower’’ of Lemna is hardly a flower from 
the point of view of the insect. 
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tions are even fewer and mostly belong to the rather 
specialized machaon group (feeding on Umbelliferae) or 
are outlying members of the Aristolochia group, such 
as Euryades. 

On the whole, this seems to indicate that the Papilion- 
idae were developed at a time when these four most 
primitive families of Angiosperms were among the domi- 
nant plants, when there was sufficiently high temperature 
and but little seasonal change. 

Turning to paleobotany, we find that in the Cretaceous 
many of our modern temperate families were already 
dominant, and the climate was already seasonal, with 
essentially the characteristics of the modern temperate 
zone. The indication would be, then, that we must seek 
a somewhat earlier period, and one with a more consis- 
tently even and humid climate. This seems to point 
rather plainly to the Jurassic as the time of origin of the 
Papilionidae. Perhaps some botanist can suggest why 
the typical group of Papilio so early and so overwhelm- 
ingly switched to the Aurantiaceae. I suspect that it 
was due to a similarity of flavor combined with a reason- 
able degree of dominance of the family in the ecological 
pattern. Another point to be explained is why the out- 
lying genera, many of them specialized for special en- 
vironments, or with relatively small ranges, such as 
Thais, Armandia, Parnassius, Eurycus and Sericinus, 
are either feeders on the Aristolochiaceae, or obviously 
related to forms that feed on that family. It looks as 
though that family may have been very early in invading 
new types of climate. 

Having attached the Papilionidae to the Jurassic 
period we must consider what lay before them in the his- 
tory of the order. We can no longer hope for clear indi- 
cations from food plants, as we are now back to the 
periods when almost all the families of plants are extinct 
ones, and the few that have had a continuous existence 
are forms largely shunned by plant-eating insects. We 
must assume that until the Jurassic the Lepidoptera were 
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associated with forms now extinct, and that only those 
who could change their food habits have survived. So, 
as one might expect, in the forms ancestral to the Pa- 
pilionidae we have a large percentage of types rather 
unspecialized in their food. 

Behind the Papilionidae, the most plausible genealogy 
shows the following succession of types, representing 
each successive hypothetical stage of development by the 
modern family which most nearly shows its essential 
features: Hesperiidae, Euschemonidae, Castniidae, Cos- 
sidae, Tineidae, Eudarcia group, Incurvariidae, Erio- 
eraniidae and Microvterygidae. The following summary 
will show the steps that specialization took and give a 
hint of the time needed for the development. 


MICROPTERYGIDAE. Mouth-parts mandibulate, without sucking tongue, 
adapted for feeding on pollen (microspores). Digestive system adapted for 
handling large amounts of protein. Wings alike in form and venation 
(nearly), no specialized frenulum; the membrane spinulated (aculeate). 
Female reproductive system with a single outlet, used for both vagina and 
ovipositor, the abdomen with ten normal segments and fleshy ovipositor 
adapted for laying eggs externally. Larva feeding externally on wet moss, 
very fragile, with a special arrangement of setae, long antennae and small 
but definite compound eyes. Pupa free and active though not feeding, with 
very large mandibles. 

ERIOCRANIDAE. Mouth and digestive system completely reconstructed, 
without functional mandibles, but with a spiral sucking tongue, for nectar; 
not adapted for any solid food, the nourishment except for water and a 
little sugar and perhaps salt, being accumulated in the larval stage. Repro- 
ductive system completely reconstructed for laying soft, slender eggs in the 
tissues of the food-plant; provided with a bladelike ovipositor with com- 
plicated muscles and tendons, the tenth segment involved in this and not 
recognizable as such. Larva (side-specialized) with normal short antennae 
and separate ommatidia. 

INCURVARIIDAE. Wings (mainly hind wings) completely reconstructed; 
with a highly specialized frenulum, in the male of fused bristles, working 
in a hook, and with four veins of the wing lost by fusion or atrophy. 
Larva with habits not significantly changed, but with the setae rearranged 
in the modern pattern. Pupa still pretty active, but no longer with obvious 
mandibles, no longer traveling away from the cocoon. 

TINEIDAE (Eudarcia group). Slight simplication at base of wings. 
Reproductive system completely reconstructed, with complete loss of ovi- 


3 Somewhere near this point the Tischeriidae came off. They show a 
transitional type cf ovipositor, but are too much specialized in other ways 
for full interpretation. The Opostegidae may also be a transitional type. 
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positor and tenth segment, vagina developed in segment ahead of ovipositor 
and complex internal structures developed. Egg again chitinized and laid 
externally. Larva becomes an external feeder, but still protected (by a 
case). 

TINEIDAE (Scardia-Tinea group). Aculeae much reduced (Achanodes) 
and then lost (Tinea). 

CossIDAE. Maxillary palpi become obsolete. Minor changes in venation 
and larval setae. Larva again a borer. In fore wing vein R,,; tends to 
split back on R,,,; before origin of R, 

CASTINIDAE. Antennae become clubbed; appearance becomes butterfly- 
like. R,,; and upper branch of M disappear within the family. 

Euschemonidae. A butterfly. Veins R,,; M and Ist A permanently lost; 
R,.; (as seen in pupa) consistently arises before R,. Caterpillar again an 
external feeder (in a shelter) with dense secondary hair, ete. (Pupa ?). 

Hesperiidae. Frenulum lost. Pupa becomes obtect (i.e., nearly soldered 
together, with at most a little motion at three joints) within the family. 

Papilionidae. Sharp tip of antenna lost; eyes enlarged at expense of 
middle of head; fore wings get two veins stalked; hind tibia loses a pair 
of spurs. Larva becomes an unprotected type, with a new kind of prolegs; 
pupa is hung up unprotected. 


All this series of changes must have occurred in the 
Lepidoptera before the Jurassic, if our conclusion from 
the food of the Papilios is legitimate. A long time must 
certainly be involved, especially for the complete recon- 
struction of the reproductive system (twice) and the di- 
gestive system. 

There is another interesting approach. We may try to 
synthesize the original Lepidoptera by combining the 
primitive features of the four or five earliest families 
surviving; taking the digestive and reproductive systems 
of Micropteryx, the larval body of Hepialus with the 
head of Micropteryx, the venation of Micropteryx with 
some extra veins in the anal region from Eriocrania, the 
legs of Incurvaria, ete. Putting these together we seem 
to have a moth of substantial size (larger than M7- 
cropteryx or Eriocrania) with a larva feeding on abun- 
dant succulent material, such as the inside of a starchy 
or fleshy stem, and we!l adapted to a very moist if not 
actually liquid environment; and an adult which fed 


4The known larvae are fungus feeders, scavengers, etc., but this is cer- 
tainly a side-specialization as the related forms, such as Gracilariidae, 
Tischeriidae, Lyonetiidae, are feeders on living plants. 
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freely on some abundant supply of pollen, and may have 
supplemented this protein diet with water or nectar. 

If we take the surviving forms we find that each in a 
different way has adapted itself to a much less abundant 
or easily available nourishment. Micropteryx and Erio- 
crania have continued to take a succulent food, but have 
been reduced in size, and adapted to special conditions, 
Micropteryx living on wet moss and Eriocrania going 
through its life history in a few weeks of the spring in 
the tissue of newly expanding leaves, then sleeping in the 
soil for 11 months till this ephemeral supply is available 
again. The Hepialidae have remained borers, but have 
either taken to the storage roots in the soil (like 
H. humuli) or have adapted themselves to getting nour- 
ishment out of hard modern woods (like Sthenopis). 
The Tineidae have gone in for fungi and so on. In the 
adult stage, the Micropterygidae still feed on pollen, but 
they are reduced to a size where the small amount sup- 
plied by modern flowers is sufficient, while the others live 
their adult life on the proteid taken in as a larva, and 
either do not feed at all in the adult (Hepialidae) or have 
also become minute and get along with a minimum 
amount of nectar. It would appear, then, that the orig- 
inal Lepidopter was evolved in an environment with 
plenty of food for larva and adult, in particular with 
plenty of nourishing microspores for the adult proteid 
supply; and then went through a period when even the 
nectar supply of the present day was not available, but 
the adult had either to get on with a minute amount of 
nectar or go thirsty. For the great mass of modern 
butterflies and many moths need far more nectar than 
the Eriocraniidae, to keep them going. 

There appears to have been one time in geological his- 
tory which fills the bill, namely, the Carboniferous, fol- 
lowed by the very dry Triassic period needed to cause 
the specializations of the surviving primitive families. 
The Carboniferous fills it in every way; for there were 
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plenty of succulent stems to supply iarval food and an 
indefinite supply of microspores for adult food. (Cer- 
tain coals are largely composed of spores.) 

So far as the botanical needs are concerned one could 
go back a little further yet, even to the curious plants of 
the Devonian, but the known history of the insects them- 
selves seems to forbid us to go farther. It is only in 
the middle Carboniferous that we have a fossil history of 
the insects, and the most modern known of these belongs 
to the Neuroptera. Even allowing for the fact that our 
geological record of a form so fragile as an insect prob- 
ably only begins when it becomes abundant, it would still 
be too daring to carry the origin of the Lepidoptera 
back of the known history of such things as the Palaeo- 
dictyoptera and Protoblattoids. 

It is interesting to note that it is in just this period 
(Upper Carboniferous), which seems the most probable 
for the origin of the Lepidoptera, that we first come 
across flowers; that is plant reproductive organs suitable 
for the attraction and utilization of insects. I may take 
Lyginopteris as an example of this. It is monoecious or 
dioecious, and so, obviously intended for cross-fertiliza- 
tion. The male inflorescence is on the tips of the twigs, 
in a conspicuous position easily available to an insect 
seeking pollen for food; and the female inflorescence is 
surrounded with an involucre which may perhaps have 
been colored, and, like the rest of the plant, is well pro- 
vided with glands, such as could have secreted nectar. 
We can imagine the moth, first taking a full meal of pol- 
len at the male flowers, and then going to the female 
flower, quenching its thirst at the glands there and inci- 
dentally fertilizing the flower.’ 


5TI have chosen Lyginopteris as a known plant from the Carboniferous, 
with floral structures of a type suitable for insect fertilization. There is 
an increasing tendency among botanists to think the Angiosperms them- 
selves are as old as the Permian or Carboniferous, for reasons parallel to 
those from which I am arguing the age of the Lepidoptera. See Seward, 
‘*Plant Life Through the Ages.’’ 


460 THE AMERICAN NATURALIST (Vou. LXVI 


From this time on we have a continuous succession of 
plants with flowers, marked by conspicuous involuecres, 
and obviously designed for insect fertilization. 

We may perhaps question if the insects for which the 
flowers were first adapted belonged perhaps to some 
other order. We immediately think of the Hymenoptera, 
which were undoubtedly even older than the Lepidoptera, 
and are now among the principal flower-fertilizers. They 
are certainly a possibility, but the more primitive of the 
Hymenoptera are better adapted in their mouth-parts 
to a predacious diet; and I have in fact actually seen a 
saw-fly eagerly eating a lady-bird. I suspect the pri- 
marily flower-feeding Hymenoptera were a little too 
late on the scene, but as soon as the bees had come to 
supplement the saw-flies, ichneumon flies and wasps, they 
were certainly helping out in the task of fertilization. 
And at present at least some of the saw-flies themselves 
are also among the pollen feeders, though not specialized 
much for the purpose. 

The final possibility is that the insects that first caused 
the appearance of flowers were of a type now wholly 
extinct. This is not impossible, but there is only one 
type which I should consider seriously at present as a 
possibility—Eugereon. This was a strong flyer with a 
beak, undoubtedly; but I do not see how any insect with 
such mouth-parts could have made the change from pol- 
len to nectar. 
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THE CORTICAL FUSI OF MAMMALIAN 
HAIR SHAFTS 


DR. LEON AUGUSTUS HAUSMAN 


NEw JERSEY COLLEGE FOR WOMEN 


Amonc the microscopic structural elements of the mam- 
malian hair shaft (Fig. 1) are minute vesicles or cham- 
bers lying among the cells of the cortex of the shaft, well 
known to students of trichology; but little studied; and 
which have been referred to under a variety of names, 
such as air spaces, air vacuoles, air chambers, air vesicles, 
air cavities; or simply as spaces, vacuoles, vesicles or 
chambers, as the case might be. A study of these fea- 
tures of hair-shaft structure was recently made by the 
writer, from a collection of hair samples representing 
all the races of mankind, kindly given to the writer by 
Dr. AleS Hrdliéka, of the United States National Museum, 
and from a collection made and sent by friends from 
abroad, and by Miss Elizabeth Wynkoop, of this college, 
during her study of the age correlation of certain features 
of hair-shaft structures.". The infrahomonid hair sam- 
ples were those used by the writer in previous studies of 
hair-shaft structure among those mammals.” The com- 
parison of the cortical air chambers or vesicles in so 
many different sorts of hair shafts brought to light some 
interesting facts regarding their origin, structure and 
relationships. 

In the human head hair, as the hair shaft is pushed 
away from its papilla in the base of the follicle (the seat 
of the hair germinating cells), the cortex cells are not at 


1E. M. Wynkoop, ‘‘A Study of the Age Correlations of the Cuticular 
Scales, Medullas and Shaft Diameters of Human Head Hair,’’ Amer. Jour. 
Phys. Anthrop., 13, 2, 177, July-September, 1929. 

2L. A. Hausman, ‘‘Structural Characteristics of the Hair of Mammals,’’ 
Amer. Nat., 44, 496, November—December, 1920; ‘‘Further Studies in the 
Relationships of the Structural Characteristics of Mammalian Hair,’’ AMER. 
Nat., 58, 544, November—December, 1924; and ‘‘Recent Studies in Hair 
Structure Relationships,’’ Sci. Mon., 30, 258, March, 1930. 
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once long and fusiform, as in the mature hair shaft, but 
are irregularly ovoid or ellipsoid, elongating as the shaft 
rises toward the follicle mouth, and carrying thus upward 
between many of them irregularly shaped cavities filled 
with tissue fluid. Where these are most distinct is just 
above the neck of the developing hair, in a region termed 
the formative region of the fusi® (Figs. 1 and 2). Ina 
hair shaft treated with potassium hydroxide, as described 
at the end of this paper, the fusi, just below the level of 
the follicle, may be studied in their relations with their 
surrounding cortical cells, though both cells and fusi are 
by this treatment slightly distorted (Fig. 3). The fusi 
lie between, and not within the cortical cells, though some- 
times a cell may be found which appears to be hollow 
within, as though its nucleus had disintegrated, leaving a 
chamber in the center of the cell, with a few dispersed 
granules. 

As the fusi are borne upward with the elongation of 
the hair shaft they become increasingly elongate, and 
thinner, being pressed into this shape by the drying out 
of the cortex. With this process also comes a loss of 
their tissue fluid. This oceurs in the region of, or just 
below, the level of the mouth of the follicle (varying in 
different hairs). When the fusi are thus emptied of 
their contents they become the so-called air chambers, 
and become then, easier to detect among the cortical cells 
and their elongate nuclei, since they appear darker by 
transmitted light (or at least with darker heavier bor- 
ders). When still filled with tissue fluid (with a density 
more nearly like that of the soft cytoplasmic cell sub- 
stance) they are much less discernible. At the level of 
the mouth of the follicle, or just above or below it, they 
appear as fusiform chambers, varying in this general 
contour from short and ellipsoidal, to long and slender 


3 Since these vesicles are roughly fusiform; and -since they are character- 
istic of the cortex; and since they have been alluded to under so many dif- 
ferent names, it is suggested, for the sake of simplicity and accuracy of 
nomenclature, that they be called the cortical fusi, or simply the fusi. 
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(Figs. 4 and 5). Fig. 6 shows the curious type of fusi 
met with in a specimen of ringed human head hair, an 
unusual condition of the hair shaft, which gives to the 
hair a banded appearance, light and dark zones alternat- 
ing in each shaft. About forty cases only of this ringed 
hair were on record‘ in 1925. 

Fusi vary with the region of the hair shaft. Thus, in 
most hairs where they are numerous at the base, they 
pinch out and either disappear altogether, or become ex- 
tremely thin and filiform before the tip of the hair is 
reached. Such a condition is shown in Figs. 7, 8 and 9, 
in a light yellow-brown head hair. In many instances 
the disappearance of the fusi takes place in the distal 
third or quarter of the shaft, while in others fusi may 
persist out almost to the very tip of the shaft (Fig. 10). 
This may occur in white or very light yellowish shafts. 
In this region of the hair shaft the fusi are difficult to 
separate from the long striated appearances which mark 
the boundaries of the cortical cells. In one instance, in 


female head hair of a light yellow, almost white, the fusi 


Fic. 2. Bulb of a hair shaft, showing the developing cortical cells and 
the developing fusi among them. B, bulb; CU, cuticular scales; 
F, fusi, lying among the cortical cells. All this below the level 
of the mouth of the follicle. 

Cells from the cortex of a head hair, just below the level of the 
mouth of the follicle, treated with potassium hydroxide. C, cor- 
tical cells; F, fusi; N, cortical cell nuclei. The cells and fusi 
are flattened and distorted; the cuticular scales have been re- 
moved. 

Fusi in the base of a brown hair, at the level of the follicle mouth. 
the medulla and pigment granules are not shown. 

Various types of fusi found in human hair shafts near the level 
of the follicle mouth. A, from the hair of the forearm; B, from 
light yellowish head hair; C, from brown head hair; D, from 
white head hair; E, from yellow-brown hair. 

Fusi in a ringed human head hair. A, hair shaft with the fusi 
in situ; B, typical fusi enlarged. From the region of the mouth 
of the follicle. 

Fic. 7. Fusi in the base of a light yellowish-brown head hair. F, fusi. 


*C. H. Danforth, ‘‘Hair, with Especial Reference to Hypertrichosis,’’ 
Chicago, 1925. The sample in the writer’s collection was kindly sent to 
him by Miss Eleanor MeMullen, of Cornell University. 
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were discernible entirely to the tips of many of the shafts. 
These were the natural tips, not the eut ones. This is 
regarded as unusual, and, in this case, when taken 
together with the arrangement of the few pigment gran- 
ules in the cortex might have been used as a criterion for 
individual identification of the source of the sample. 
The case, also, of the Fuegian hair (to be mentioned in 
connection with fusi and color associations) is another 
instance where association of structural features might 
be used as definitive criteria. But such matters would 
require very careful study before affairs of moment could 
be intrusted to them as arbiters. An unusual series of 
samples taken from the head of an English woman at the 
ages of three, ten, twenty and fifty-six showed, in the 
yellowish hair of three, elongate fusi; in the yellowish- 
brown hair of ten, the same numbers but shorter; in the 
slightly darker hair of twenty, the same condition; and 
in the dark brown hair of 56 no fusi at all. All these 


Fusi midway in the shaft of the same hair. F, fusi; M, medulla. 

Fusi near the tip of the same hair. F, fusi; M, medulla. 

A, fusi in the distal quarter of a light straw-yellow hair from 
one of the ‘‘ White Indians’’ of San Blas. B, fusi in the tip of 
the shaft of the same hair. (Sample sent by Dr. Ales Hrdlitka.) 

A, portion of shaft of hair from a Fuegian, showing large lenticu- 
lar fusi. Pigment granules, as in shaft B, not shown. B, por- 
tion of shaft of hair of a Fingo Negro (Bantu Stock). F, fusi; 
P, pigment granules; M, medulla. 

Diagrammatic transverse and optical longitudinal section of a 

shaft of head hair, to show the usual distribution of the fusi. 
M, medulla; A, cuticle; C, zone of the cortex usually free from 
fusi; CF, zone of the cortex in which the fusi usually occur when 
present in the shaft; F, fusi. 
» portion of the shaft of a dorsal hair from the hyena (Hyaena 
hyaena bergeri) midway between its base and tip, where it was 
a pure glistening white. Large fusi present in the cortex, but 
no pigment granules. By transmitted light the pigmentless 
medulla appeared nearly black. B, median portion of hair shaft 
of poodle, pure white, no medulla present. Fusi large and 
elongate. 

Hair shaft of New York weasel (Putorius noveboracensis) just 
above the mouth of the follicle, showing longitudinal groovings 
in the cuticular scales. Shaft pure white. No fusi present. 


Fig. 8. 
Fig. 9. 
Fig. 10. 
Fie. 11. 
Fig. 12. 
Fig. 13. 
Fig. 14. 


468 THE AMERICAN NATURALIST [Vou. LXVI 


determinations were made in the basal quarters of the 
shafts. 

This brings us to the consideration of the association 
between the fusi and head hair coloration. In general, 
the darker the hair the fewer the fusi; the lighter the hair 
the more numerous the fusi. However, this admits of 
some interesting exceptions, exceptions which may prove 
useful to the microscopist who is comparing known with 
unknown samples. Thus, while black hair shafts, as a 
rule, possess no fusi, yet in the black hair of Fuegian, 
large, characteristically-shaped fusi occurred near the 
base of the shafts, clearly discernible from the thickly 
disposed pigment granules, and requiring only clearing 
and mounting of the hair shaft for examination (Fig. 11). 
In a hair shaft of the same color from a Negro (Fingo 
Tribe, Bantu Stock) with the same color and type of pig- 
ment granules and pattern, no fusi whatever could be 
found. 

In some hairs where rough treatment, or more probably 
natural fragility of the shafts causes a splitting or frac- 
turing, there occur what may be called ‘‘artificial fusi.’’ 
These were found sometimes quite common in head hairs, 
and where they occur, may perhaps be an individual 
peculiarity. They seemed to be produced by a separation 
of the cortical cells from one another, or rarely, by the 
splitting of cells along the line of their elongate nuclei. 
They were seen only in the distal halves of shafts. Such 
fusi were quite large, and yet gave to the hair shaft when 
seen by the unaided eye an appearance no different from 
that of normal hairs. 

The distribution of the fusi within the cortex ring is 
noteworthy in that it occurs some distance away from the 
boundary between cortex and cuticle, usually in a fairly 
definite zone (Fig. 12). The fusi, however, are not ar- 
ranged, as far as I have observed, in a consistent chain- 
like fashion so common with pigment granules, nor are 
they grouped, like the granules, into patterns. 
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Among the infrahomonid mammals the distribution of 
the fusi varies considerably. In some white hairs the 
fusi are numerous, as, for example, in the pure glistening’ 
white portion of the shafts from the Hyena (Hyaena 
hyaena bergeri), and in the shafts of a sample of pure 
white dorsal hair from a poodle (Fig. 13). In other 
white hairs no fusi could be found, as, for example, in 
the basal portion of the pure white hair of the New York 
weasel (Putorius noveboracensis). In this basal portion 
(just above the level of the mouth of the follicle) minute 
striations appeared, which, under higher magnification, 
were seen to be slender longitudinal groovings in the 
cuticular scales (Fig. 14). In many of the light yellowish 
and yellowish-brown infrahomonid hairs no fusi were 
present, as, for example, in the light brown hairs of the 
intermediate bat (Mormoops intermedia) nor in hairs of 
the same hue from the proboscis monkey (Nasalis larva- 
tus). In the light brown dorsal hairs of the aye-aye 
(Daubentonia madagascariensis) there occurred, near the 
tips of the shafts, isolated fragments of the shrunken 
medullary chambers, lying out in what appeared to be the 
cortex ring. These, at first, were mistaken for large 
irregular fusi. This condition was found, also, in other 
species, though not at all commonly. Among the mam- 
mals below man the fusi were not correlated, as they are 
in human head-hairs, with the coloration of the shaft, 
since white hairs often lacked them entirely, and darker 
shafts possessed them in large numbers. Whether this 
is a specific distinction, or an expression of some condi- 
tion of the hair shaft germinating cells in the follicle only, 
remains to be studied. 

Fusi may frequently be mistaken for pigment granules, 
for, when they are very minute they appear (under direct 
transmitted light) like solid dark bodies. But fusi and 
pigment granules may be differentiated by boiling the 
hair shaft for a few seconds in concentrated sulphuric 
acid; mounting it in water; and pressing it out under a 
cover-glass. By this treatment the fusi will be squeezed 
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out and only the pigment granules remain, when their 
shapes and sizes and relative abundance may be noted. 
The boiling of the shaft may be most readily done in a 
large drop of acid on a thick microscope slide (or in a 
small watch crystal) laid on the soapstone of an electric 
vnlate. Rotating the mounted shaft under a cover-glass 
dissociates the structural elements; floats away the 
cuticular scales; and disperses the long fusiform cells of 
the cortex. Instead of concentrated sulphuric acid one 
may use a strong solution of sodium or potassium hy- 
droxide, and, after heating, mount the shaft in the same 
reagent, cold, or in water, as before. Large fusi may be 
easily distinguished from pigment granules by the clear 
appearance of their centers (with heavy black borders, 
like elongate air bubbles), by transmitted light. By 
reflected light they appear silvery, as do air-filled medul- 
lary chambers. To study fusi for the sake of character- 
istic appearance under different lights it was found best 
to use pure white head-hair, as here the bother of the 
pigment granules was removed, and one could deal with 
undoubted fusi. Fusi not resolvable by direct trans- 
mitted light may often be brought out by decentering the 
diaphragm condenser and illuminating the shaft of the 
hair by oblique light, in any angle desired. In the study 
of fusi the best results were obtained by using an objec- 
tive of numerical aperture 1.30 (2 mm), with the 20 < 
ocular and 170 mm tube length, and an almost point 
illuminant, with the condenser diaphragm stopped down 
as far as possible consistent with sufficient illumination. 
Objective and condenser were both immersed with cedar 
oil, and a 0.17 mm cover-glass used (for which thickness 
the writer’s objectives were corrected). For rapid de- 
termination of the presence of fusi in hair shafts, the 
15 X ocular and the 3 mm objective was the combination 
found most useful. 


SHORTER ARTICLES AND DISCUSSION 


SOMATIC CHROMOSOMES OF CERTAIN MINNESOTA 
ORCHIDS 


From the standpoint of the systematic botanist, a cytological 
study of the species in groups of plants is of value in determin- 
ing phylogenetic relationships. There are between 14,000 and 
16,000 species of orchids, and of this number the chromosomes 
of only 33 species have been studied, of which only six are native 
to the United States. 

Most of the work on the Orchidaceae was done over 20 years 
ago. In 1924 Belling reported the chromosomes of Cypripedium 
acaule Ait. to ben=10. Friemann, in 1910, reported n=12 for 
Epipactis palustris. Brown in 1909 reported Habenaria ciliaris 
(L.) R. Bn. as having n=16. Pace in 1909 reported Calopogon 
pulchellus (Sw.) R. Bn. as having n=13; and in 1907 he had 
reported n=11 for Cypripedium pubescens (Willd.) Knight, C. 
spectabile Salisb., and C. parviflorum Salisb. Species from other 
parts of the world have numbers that vary considerably, even 
within genera. 

During the spring of 1931 root-tip material was gathered from 
14 species of orchids during May and June. The tips were cut 
from the plants as soon as they were removed from the ground, 
killed in Allen’s modification of Bouin’s killing fluid, and stored 
in this solution until October, when the material was imbedded. 
Sections were cut 10 microns thick and stained with iodine- 
gentian violet. The drawings were made with the aid of a 
Bausch and Lomb camera lucida at a magnification of 2500. 

Material from only eight of the fourteen species collected was 
found to have satisfactory figures. Table I lists these species 
and their diploid chromosome numbers. It will be noted that 
the three Cypripediums, C. pubescens, C. acaule and C. can- 
didum, had 20 chromosomes in each case. Calypso bulbosa had 
32, and the two species of Habenaria and the two of Orchis each 
had 42. These numbers were obtained by many counts, and 
were carefuily verified with camera-lucida drawings. 

An examination of the plate will reveal the following informa- 
tion. The chromosomes are very large in the species of Cypri- 
pedium, and are very similar in size and shape, but in C. can- 
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TABLE I 


Diploid chromosome 


Species number 


Cypripedium acaule Ait. 20 
C. candidum Muhl 20 
C. pubescens (Willd.) Knight 20 
Calypso bulbosa (L.) Oakes 32 
Habenaria bracteata (Willd.) R. Br. 42 
H. orbiculata (Pursh.) Torr. 42 
Orchis spectabilis (L.) 42 
Orchis rotundifolia Banks 42 


didum they were somewhat longer and more slender. The 
range in size in the Cypripediums was from 5 to 10 or 12 
microns in length by 4 to 1$ microns in diameter. In Calypso 
bulbosa the chromosomes are small, from 13 to 23 microns in 
length by less than a micron in diameter. Those of Orchis 
spectabilis and Orchis rotundifolia are very similar in size to 
those of Calypso bulbosa but are more numerous. There is a 
striking difference in size between the chromosomes of Habe- 
naria bracteata and those of H. orbiculata. In H. bracteata 
there was one chromosome, larger than the rest, present in every 
complement examined. 

This study has yielded several interesting facts aside from 
the chromosome numbers of the species. The extreme size and 
volume of the Cypripedium chromosomes are striking features. 
Another striking feature is the difference in size between these 
chromosomes and those of the other genera. There is also a 
marked difference in size between the chromosomes of the two 
species of Habenaria. The numbers for the species, so far as 
studied, are constant within genera. 

There are some discrepancies between the chromosome num- 
bers reported by other investigators and the numbers reported in 
this paper. Habenaria ciliaris was reported as having n= 16, 
while the two species of Habenaria reported here had n= 21. 
Pace reported n=11 for Cypripedium pubescens, C. spectabile 
and C. parviflorum, while this study showed n=10 for three 
species of Cypripedium, including C. pubescens. 

I am indebted to Dr. C. O. Rosendahl, of the University of 
Minnesota, for help in collecting the material. 

L. M. Humpurey 

Iowa STATE COLLEGE 
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8 
EXPLANATION OF THE PLATE 
All the figures are magnified 1700 diameters 
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THE VERMILION MUTANT OF DROSOPHILA HYDEI 
BREEDING IN NATURE 


DurinG early September, 1931, two or three bushels of wind- 
fall peaches were gathered and placed in a large garbage can 
in the garden at my home in Wooster, Ohio. The Drosophila 
population was studied, as species came and went. While there 
are generally representatives of several species to be found about 
any mass of exposed decaying fruit or vegetables in this region 
between the months of May and November, one species is likely 
to be present in much larger numbers than any others. How- 
ever, the dominant species changes with the changing food con- 
ditions. The rapidly breeding Drosophila melanogaster was 
present in enormous numbers in a few days, and within ten or 
twelve days a brood of this species had emerged. At about this 
time the slower breeding and larger Drosophila hydet began to 
make up a considerable proportion of the population. By the 
end of the month this species was occupying the scene almost to 
the exclusion of ali others. Among several thousand flies exam- 
ined at this time all were D. hydei, except for 14 D. melanogas- 
ter, 10 D. buskui, 3 D. immigrans and 1 D. funebris. These five 
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species are by far the commonest in this vicinity about houses 
and gardens in the autumn. 

On September 27 on examination of the population several 
brilliant scarlet-eyed flies of the size and general appearance of 
D. hydei were observed. It was first thought that they were 
probably Drosophila mulleri, a species reported by Sturtevant 
(1921) from the Southern states and very similar to D. hydet, 
but with bright, vermilion eyes. Twenty-four of these flies 
were collected, and on examination 22 were found to be males 
and 2 females, and they appeared to be D. hydei. The distribu- 
tion as to sex indicated that the scarlet eye was a sex-linked re- 
cessive mutant. Such a mutant, vermilion, had been found and 
described by Clausen (1923), and stocks of this mutant have 
been kept in our laboratory for years. Several of these mutant 
males were crossed singly to virgin vermilion females from 
stock, and all proved to be identical or allelomorphic to true 
vermilion. 

In the meantime, in order to record more accurately the pro- 
portion of the mutant flies in the population, pupae were col- 
lected in large numbers from the garbage can and placed in 
cotton stoppered bottles. The flies emerging were etherized and 
counted. All virgin mutant females and a number of the males 
were saved and mated to vermilion flies from stock. They 
proved to be vermilions. The table below gives the number of 


Vermilion Vermilion Wild type Wild type 


Date males females males females 

19 0 217 248 
Sept. 29 25 2 516 563 
24 2 319 378 
Oct. sane 8 0 184 172 
Oct. eee 9 0 114 139 
Oct. ee 35 1 373 393 

120 5 1,723 1,893 


Total population, 3,741 flies. 


wild type and mutant flies appearing. Of the 1,843 males 120, 
or 6.5 per cent., were vermilion. Of the 1,898 females 5, or .26 
per cent., were vermilion. The distribution as to sex is what 
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would be expected of a sex-linked recessive breeding in the gen- 
eral population. Since 6.5 per cent. of the males were vermilion, 
then 6.5 per cent. of the X-bearing sperm would be expected 
to carry vermilion and 6.5 per cent. of the females would be 
expected to receive the vermilion-bearing X. On the basis of 
random mating .42 per cent. of the females in the population 
should be homozygous vermilion. Of the total of 1,898 females 
8 + 1.9 would be expected to be vermilion. Actually, of this 
total 5 vermilion females were found, a fluctuation which might 
well be due to chance. D/P.E. is here 1.6. These calculations 
are made on the basis that the proportion of vermilion-bearing 
and non-vermilion-bearing X chromosomes remains constant 
through two generations, and that the vermilion males are ac- 
tually as successful in mating as the wild type males. 

This indicated that the mutant had been breeding for some 
time in the general population and that the individuals collected 
did not represent the immediate offspring of a few laboratory 
escapes of impregnated stock vermilion females. However, it is 
not unlikely that the original vermilion flies came from labora- 
tory escapes, as this mutant has been raised in large numbers 
in our laboratory in the last few years in connection with studies 
on sex-linkage and non-disjunction. The population which has 
just been described was living a quarter of a mile from the 
laboratory where stock cultures are kept. 

Soon after this, the vermilion mutant was observed in four 
different grocery and fruit stores one mile south of the labora- 
tory, and some of these stores one eighth of a mile apart. On 
October 7 three of these males were taken among about thirty 
D. hydei observed on the front windows of one of the grocery 
stores. At this store the mutant was so abundant that one clerk 
had noticed the ‘‘big black red-headed fruit flies’? and com- 
mented on them. Four of these vermilion males caught in gro- 
cery stores a mile from the laboratory were tested genetically 
and found to be true vermilion. At a point approximately 
three quarters of a mile northeast of the laboratory the vermilion 
mutant was again observed late in November among a popula- 
tion of D. hydei breeding on windfall apples. 


DISCUSSION 


To the geneticist mutations appear to be the building stones 
of evolution. To certain writers on evolution mutations seem 
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to be purely and exclusively the plaything of geneticists. The 
student of Drosophila recognizes that the vast majority of the 
mutations with which he works are deleterious in their effects 
upon the organism under the given set of environmental condi- 
tions under which Drosophila are raised. However, this does 
not mean that all mutations observed in Drosophila would nec- 
essarily be non-adaptive or detrimental under special environ- 
mental conditions and interacting with certain biotypes. Pearl, 
Parker and Gonzales (1923) and Gonzales (1923) have shown 
that the vestigial race of D. melanogaster is short-lived, as com- 
pared to the long-winged wild race when raised under standard 
culture conditions. Yet I have repeatedly observed that when 
vestigial and wild type flies are kept together without food and 
water, the vestigial on the average survive longer than the wild 
type. In a special environment in which one-day periods of 
extreme dryness alternated with periods of humidity and abun- 
dant food supply the vestigial mutant would survive and the 
wild type would perish. To say that such a special environ- 
ment does not actually exist in nature does not invalidate the 
argument. To take another example, if vestigial and such mul- 
tiple mutant stocks as dumpy-black-purple-curved-plexus-speck 
are made up in mass cultures in a number of different culture 
vials with the standard banana agar medium and wild type mass 
cultures are made up at the same time it will be found after a 
period of one month or six weeks that more of the mutant cul- 
tures still contain living larvae and flies. The very viability 
and fertility of the wild type under this special environment 
has resulted in the race dying out through competition and over- 
crowding, while the weaker, less prolific and consequently less 
crowded mutant forms have survived the period on the same 
food supply. In a special environment, where the food supply 
was very limited, it is conceivable that some mutant races of 
Drosophila might actually be at an advantage. Gates (1930) 
records a case somewhat parallel to this where horses were 
placed on Sable Island, Nova Scotia. In the course of 150 years 
the race had undergone change in form and decrease in size. 
He considers that inbreeding alone could not account for this 
and suggests that the condition may be accounted for in part 
on the ground of mutations and the selective action of the en- 
vironment on the smallest in size and consequently the best 
adapted to the limited food supply. 
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Vermilion is one of the hardier mutant types of D. hydei, 
and in laboratory cultures holds its own very well in competi- 
tion with the wild type. In this connection an interesting ob- 
servation was made by W.S. Wiide. Working at Miami Univer- 
sity in 1930 and 1931 on the phototropie responses of D. hydei 
wild type and some of its eye-color mutants, he found that ver- 
milion was more active and responsive than the wild type stock 
used. 

The evidence presented above indicates that during the season 
of 1931 the vermilion mutant, either from laboratory escapes 
or from a mutation occurring in nature, was increasing in abso- 
lute numbers and possibly in relative numbers in the general 
population of D. hydei in and about Wooster. This does not 
imply that the mutant is more viable than the wild type. It 
does mean, however, that this mutant is not necessarily a weak- 
ling, which must be coddled in the culture bottle of the geneti- 
cist. It could live long enough in this locality in the season of 
1931 to appear in several different situations and to show the 
ratio between the sexes of a well-established sex-linked recessive 
breeding in the general population. Were the vermilion mutant 
to have distinctly superior adaptive value over the entire range 
of D. hydei, one would suppose that the mutation would have 
occurred long since in nature and by natural selection would 
have replaced the wild type. It appears much more likely that 
it is not superior nor markedly inferior to the wild type on the 
average. It is just possible that in certain biotypes, interacting 
with the remainder of the genetic complex, it may condition 
characteristics, not necessarily eye color, which have a positive 
adaptive value under such an environment as that in and around 
Wooster in 1931. 

WarrEN P. SPENCER. 

THE COLLEGE OF WOOSTER 
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NOTE ON A FALLACIOUS METHOD OF AVOIDING 
SELECTION 


In a prolonged experiment which gives strong evidence for the 
Lamarckian transmission of an acquired disposition in rats, Me- 
Dougall (’27, ’30) deseribes the obviously very conscientious 
methods used to avoid selection. The selection of animals for 
training was generally made at random. However, to quote Me- 
Dougall’s works (’27, p. 274) ‘‘In a few eases in which this ran- 
dom selection of young animals was not effected before training 
began, we chose for breeding the most and least suecessful mem- 
ber of each litter trained.’’ As this procedure was only seldom 
adopted it can not, I think, account for MeDougall’s results, but 
it should certainly not be copied in future experiments, as it 
tends to pick out recessive genes. 

Suppose the nth generation of a random mating population to 
contain a dominant and recessive gene pair in the ratios q,A: 
Pra, Where p,+qn =1. The three genotypes will be in the ratios 
q,"AA: 2p,q,Aa:p,?aa. The six types of family will occur in the 
following proportions: 


All AA an" 
1 AA:1 Aa 
All Aa 
1 AA:2 Aa:1laa 
1 Aa:1 aa 
All aa Pa 


Selection of any kind will only operate on families of the 
fourth and fifth types. On the fifth type the process considered 
will operate impartially. For in large families we shall always 
pick out one dominant (Aa) and one recessive (aa). But on 
the fourth type it will not be impartial. There will be a strong 
tendency to pick out a recessive as the ‘‘best’’ or ‘‘worst’’ type. 
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In a large enough family a dominant and a recessive would 
always be selected, and in a large group of such families equal 
numbers of dominants and recessives would be selected, provided 
the observed variation were mainly due to the gene in question. 
In this case it can easily be shown that in the next generation 


Pn+1= Pn 3 Pa Ge 


Supposing we started with p, = 1, @.e., recessives, the percentage 
of recessives in succeeding generations would be 25, 29.4, 34.0, 
38.7, 43.4, 48.0, 52.3, and soon. The number of recessives would 
thus increase fairly quickly, and selection would be far from 
impartial. If families are small the increase is slower, but in the 
same direction. Moreover as recessive mutations are commoner 
than dominant, it would generally cause any mutant type which 
oceurred to spread through the population. As the repetition of 
McDougall’s experiment is one of the urgent tasks of geneticists, 
and is, I understand, already under way, it seems desirable that 
this possible source of error, as well as those pointed out by Son- 
neborn (’31), should be avoided. 
J. B. S. HALDANE 
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